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WILLIAM GILSON FAB.LOW 
G. P . Clinton 
With Pobtbait, PitATD I 

Professor William Gilson Parlow was born in the vicinity of Boston, 
Mass., on Decomber 17, 1844. He died in Cambridge, Mass., on June 
3, 1919, in bis seventy-fifth yeaj. His death occurred after a compaja- 
tively short illness, at his residence of recent years on Qainpy Street 
opposite the main yai‘d of Harvard University, his beloved Alma Mater. 
Although retired from active teaching for many years, Professor Farlow 
continued to the last m his work at the Cryptogamic Herbarium which 
he fotmded, supported financially during his hfe, and to which on his 
death he gave his hbrary, botanical specimens, and an endowment fund. 

Many things contributed to'make Professor Farlow very successful in his 
life work—^family, wealth, training, social prestige, position, native abil¬ 
ity, and systematic and continued effort, all had their influence. He 
greatly loved his work, otherwise ho would have taken things easier during 
his declimng years. He was very fortunate in the teachers under whom 
he studied, for in their time there wore none at least to exceed Gray and 
dcBaiy. His ability was evident to anyone who came in personal contact 
with him. To the mind of the writei these three factors, love of his work, 
sound training, and native ability, wore chiefly responsible in making him 
the foremost cryptogamic botanist of America. Furthermore, at the time 
of his death he was generally considered by his fellow botanists as Dean of 
the active American botanists, as indicated by length of service, honors, 
etc. 

Professor Farlow graduated from Harvard College in 186fl and fiom the 
medical department of the University in 1870. His interest in botany in¬ 
duced Doctor Gray to make him his assistant ih cryptogamic botany. 
After two years of teaching, young Farlow decided iJiat he needed more 
tiaining in this subject, and such not being available in America, as he 
was a pioneer teacher here himself, he went to Europe, studying in Qer- 
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many and Fi’anco. While under deBary at Strassburft he enine in eoniacl 
not only with tliis loaclier and investisalor, but uIho with a number 
of his students from ditXorcuit parts of Knro})e, wlu), in after .v<‘arri, ])ee.Mnu‘ 
leaders in various lines of Ijolanical work. Tills experienei' no (loul)t 
f!,rGatly influenced his own later developnu'iit. 

Stmmlated by liis liuropeim training of two years, lu' eame back to 
Harvard and was made Assistant Professor of Botany, and stalioiasl at 
the Bussey Institution at Jamaica Plains. Jt was her<‘ that lie bi't^au i\ 
scries of articles on plant diseases that eventually in(*lud{‘(Unv(‘Slit*at ions 
of the potato rot, black knot, downy mildew of ftrap<\ smut, of onion and 
the relationships of Roostclia and Gymuosporani*iinn, the first jiaper ap¬ 
pearing in 1875. No matter how closely Haiward cryjitogamie.botanists in 
later years have clung to the pure si<le of this seioiic(‘, on(‘ eaunot get around 
the fact that at the start the applied side was ably Uandhvl by I'^nrlow, and 
that his earhost students also publislied similar articles. As tliis was at 
a time when our state institutions, with only one* or two exe<‘t)tioiiK, had 
not manifested any particulai* interest along this line, W(* can juHt.ly claim 
that Harlow, with Burrill, was really the pioneer pkint pathologist of 
America, although ho may be antedated by others as mycologists. 

Not only was Harlow doing investigational work at this t.huc, I ml, he was 
actively engaged in teaching at Bussey and]also at Clamhj*i(lg(' in boUi tin* 
regular and summer school courses. His Jfost ailvauciul studcuit was By¬ 
ron D. Halsted, a recent graduato of Michigan Agricultural GolU'gc, and 
the first to obtain a doctor’s degree under him. Sinci' then many Ami'ri- 
can botanists have had the privilege of receiving part of tlunr Ijotunical 
training under his immediate dirootion or in tho dcpartnwmt. he event<’<l 
and still served in an advisory way till his death. 

In 1879, the funds of Bussey becoming diminished, Harlow wiis I rans- 
forred to Harvard University proper and made l^rofesHor of (’ryptognmie 
Botany. Hero he continued under tho varying change's of I lie I Iniversil.v 
and tho times, building up tho toaohbig department, e.n*at,ing llu' (hypto- 
gamio Herbarium, training scientific men who might give their midivided 
time to the subject, either as teachers or invostigators or as botii, jiubliHli- 
ing botanical articles of merit, and advancing the intiwHis of cryptognniie 
botany throughout the country as has no other man. Rememb('riiig that 
he started in at a time when there wore few men in the country inf eri'wfi'd 
in this branch, of botany, that there was^ no teacher who giive it much 
attention in his classes, that laboratory work or equipment for such was 
not to be had, and that’ho lived to see the flay when it really predominates 
the scienee of botany in the United States and when many men make it 
their life work and got their living out of it (I say “living” not neoc'ssarily 
ynfiapiii g anything more), is it any wonder that he was interestcfl In his 
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work or that botanists gonora .y honor him for the gi'cat part he had in 
its clove]opmoiit? 

And honors did conic (o Farlow from his own and other universities of 
iliis countiy and Europe, not only Ihi’ough honoraiy degrees but in other 
ways as well. The various prominent scientific societies of the world had 
hhn enrolh'd as a moinbor and ho became president, at one time or another, 
of most of those in America. Of honors obtained we need mention only 
a few—Member of the National Academy of Science, London Linimcan 
Society, British Association for the Advancement of Science; President of 
the A. A. A. S., Botanical Society of America, American Natui’alists; hon¬ 
oraiy degrees from Harvard University, University of Wisconsin, Uni¬ 
versity of Glasgow, Univorfiity of Upsala. * 

In middle life Professor Farlow was married to Lillian Horsford, who 
still survives him. To visiting botanists whom Farlow aided in their 
examination of specimens at the Herbarium, there was usually added the 
plea '•0 of entertainment at his home and an inspection of his botanical 
libraay which was kept there. In this way Mrs. Farlow came to know 
many of his fellow-workers, and the charm of her personality was appreci¬ 
ated by all. 

. We liave so far recorded in a general way a few of the main facts in th<^ 
life of Doctor Farlow. The time given for the preparation of this article 
has been too short to allow us to present facts or incidents that are not 
already at hand. Neither do we wish to make this paper too much in the 
nature of a formal biography but rather as the loving remembrance of one 
who, through twenty-five years of correspondence and two years of student 
life, feels that ho owes a debt of gratitude, for favors received and inspira¬ 
tions aroused, to a master of high order. It seems fitting, therefore, tliat 
we write furthesr oonoorning Doctor Farlow as a man and as a scientist, 
and of his soiyico to tho soionco of botany. 

If in Hpoaking of liim as a man the writer touches on intimate things no 
off(‘nse is intended, and Ins excuse is that wo usually respect men as much 
for what (hoy arc* in their natui’al selves as for the names they have 
attained. ITarlow was quite short in stature, though well proportioned. 
When wo firat met him ]^s hair was turning grey, but his cropped mus¬ 
tache* and shaggy eye-brows, with a considerable tinge of red, suggested 
tliat in his youth he might have been classed as red-headed. He had a 
decided roll, or side glance, of his eyos in talking, and what might possibly 
bo termed a Boston or English inflection in his speech, which was rather 
rapid, so that one had to keep his ears and mind alort to' catch all he 
said. The writer can sec him now as he looked each morning after his 
arrival at ihe Herbarium making his daily pilp^imago to tho shrine of 
Thaxter, passing rapidly through the advanced ‘laboratory, taking in at 
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a glance the studentb there, peihap^t recognizing home one with a nod, and 
disappcaiing into the chamber of (‘onsecrated and concentrated work, 
thence to emerge shortly nf lei ward with Tluixter escorting him hack to 
his loom—tlio short and the tall—oarni'slly cngfiged in home dis<‘iis,sion, 
each mutually dependent on and hcliiful to the other’ Siicli eai nesl com¬ 
radeship devoid of Ihc ordinary frivolities of men was charming to beliold. 

We must admit that ilignity was quite an attribute of Fai’low. Thobo 
who have soon him writing his letterb, as ho sometimes did, standing at his 
desk, did not take this to be unusual for it caused him no inconvenience, 
such as most of us would have had. That ho knew how to put people in 
their proper places is illustrated by the remaik that a “chaiaeter,” who 
was claiming newspaper fame through his discovery of fungous fairy rings, 
let out in the laboiatory one day: “He may be small but one may not 
presume to impose on him on that account, except to his sorrow.” 11 is 
dignified attitude is further shown by the following stoiy ho told on him- 
seltf; It seems that a western botanist was calling on him at an inconvenient 
time and during very warm weather. On their way to tho (Iray llerbjir 
rium, to which Farlow was taking him, this botanist as they passed through 
Cambridge Common took off his coat and lay down on the grass, and sug¬ 
gested that Fallow follow suit. It was the informality of tho west meeting 
the formality of the east, and neither could understand the other. For, 
as Fallow later said, “What would people think of me if they saw me doing 
this.” When one is in Cambridge one must do as the Cambridge professors 
do, is the answer. 

Still, with aU his reserve, Farlow was witty and saw tho humoious sid(* 
of tilings. He was apt to use this wit in a refi.ned and semi-hidden manner 
by way of suggestion to a person with whom ho might be talking, ho that 
one was not always sure just when ho oamo in for Ms bluu’o of mild eriti- 
oism. Among tho Harvard professors, tho writer was once told, Farlow 
shared honors with another member of the faculty as being tho wittiest, 
man there. Those who heard liim give, or have read, tmy of his general 
addresses, will appreciate this fact. Kspocially interesting to all present 
was the presidential address he gave at tho botanists’ dinner at Cleveland 
in 1912. 

A 

He was somewhat critical in his judgment of men and their work. 
Perhaps this was partially responsible for tho feelmg that has gone out 
that Harvard does not wish great numbers of advanced students so much 
as a few of unusual promise. He did not judge others or thoir work, how¬ 
ever, with undue harshness but rather his extended experience in reviewing 
literature—for he went over, at least in a general way, all of tho current 
botanical articles—gave him the ability to pick out the weak pointb with 
little effort. In discussing this or that botanist with him, if one did not 
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know this, he mh^^ misjudge Farlow's real estimate of the man under 
discussion. 

His letters alsao^a etimes show this critical attitude, in fact, oven when 
writing of one of >'1:^ oim he thought highly. The following extract from an 
old letter (the itacj^ being used for camouflage) illusti‘ates the point under 
discussion: ‘‘Smh Tv^^’-as m Cambridge for a few days. I am sorry that he 
did not make a favorable impression. He looked over the covers of 
two genera of fun ,biit made no microscopic examination and seemed con¬ 
tent to make a )jpy of hosts and localities without making any critical 
study of the specr len s. He did not look at any of the exsiccati and seemed 
displeased that 1: ^ could not have all the specimens of the two genera laid 
out before him .* once. Evidently he had no idea of what was in large 
sets of exsiccati a^d I could not, to save my life, make out what he wanted 
and could only ’/er that he did not know what ho wanted himsolf. He 
made me a prese i ofi about half a dozen specimens. I wonder whether he 
thought I did no ^ha^re plenty of our common species,” etc. And this was 
a botanist who jad made a name of some prominence, but you cannot 
guess who he wi^ from this tale. 

Professor Far], w liked to hoar of the current gossip about botanists and 
botanical thingsmid, if this did not come through ordinary conversational 
channels, he ocosionjally went after it by direct inquiry. In this way ho 
kept in touch wih naen whom he had not met or seen for some time, and 
with events wiui which he had no very direct connection. Chestnut 
Blight and Whies Pino Blister Rust investigations were two things that 
thus solicited hh interest, and the writer would like to print some of his 
spicy comment?Ljust to show how interested he became in subjects that 
mix politics, ad ertising and investigational work more or loss together. 

We have dw^t thus at length on this personal side of his life to show 
tliat he was a htman as well as a dignified Harvard professor, and that ho 
had a pcr&onaliy that one always likes to find in a great man, to give him 
color os it wore So whenever his foimer students got together he was al¬ 
ways brought foil discussion, and his oars, figuratively speaking, must 
have often tin|ied ffrom the personal comments that followed, showir^ 
in what high le/ard Ijie was hold by all. 

As a scientist we must judge hhn by the articles he published, and here 
the writer veijfcures a criticism of a man wlTo was himself a critic. He 
published too t tie for what ke knew and for what he had done. This is 
not a criticisrj* that can bo made of many botanists, however. It was 
voiced m his I’escnce once by a professor who did not mean at ah to be 
sarcastic, whei ho said: “In one of you/ recent publications. Doctor Far- 
low, publi&hcti some ten years ago,” etc. The writer believes that every 
American botjiist regrets that Doctor Farlow did not leave on record in 
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published papers more of his knowledge of lichcn|and 
fungi, knowledge that was so extensive and exact ^ authoiity on 
any of those groups was bound to pay profound re j ■* jp^‘ opinions 
coneeruing ihe same. We have, or have hod, bolaj who surpassed 
him in knowledge concerning each of thovse groups, sav T^ooiugi, but none 
who equalled him in familiarity witli them all. eniitk'd 

Professor of Cryptogamic Botany. Just as smely 
sor of Natural History has passed out of existence, niind of tht' 

writer, he represents the last of those who were able S| <-'Ouitctorily to cover 


the wide field of ciyptogamic botany. 

Aside from his New England Algae and a few similairf*^ 1 iin’s, ho pubMied 
little concerning the chlorophyll-bearing cryptogarj^^ dowever, if he 
did not publish along these hnes, he helped and stiiJ' others to do 
so. His papers on the fungi wei'e more numerous ^ grade. 

They were tiue contributions to our knowledge of thc^^ whether iiuulo 
in the form of short notes on personal collections or j 
phological and ^stomatie articles., They covered range of sub¬ 
jects for he considered all genera as worth*knowing, writer has al¬ 

ways thought, however, that ho was more intcrested^*^®^-^® rusts than in 
other groups. 

No doubt his greatest contributions, at least in sii^^ value, 

were those concerning the bibliography of fungi. St^',^%.^ 
sued, with Trdease, a very complete bibliography of ' Amer¬ 

ican fungi published before that year, and this was fcf^ 
by a Bupplementaiy list, by Parlow alone, of addendthose articles 
published in 1887. Critical notes add greatly to thef'^ ^ work. 
In 1888, with Seymour, he published the Host InA'^^'T in (he 
United States. This work has boon of even greatciy 
Gspecially as an aid to identification of spocios. It si brought up 

to date by Thaxtor and Seymour as a menVorial voh^ Farlow. His 
most pretentious work, however, is tho Bibliograph^®^ ^ North 

American Fungi, the firk part of tho first volume ^ cd through Uie 

Carnegio Institution m 1905. The immensity of shown by 

tho fact that the genera treated, arranged alphabet^’^®® » include only 
those from Abrothallus to Badhamia. It is the earn ?P® 
anists that this valuable work m^y be continued am provision has 
been made for the early appearaiioe of subsequent pa | 

Finally, what was Farlow’s influence on the science ho si, ny in general, 
and cryptogamic botany in parijcular in the UniteYP“^V®^. has 
already been mdioated in a general way. We widi to it in a little 

more precise form u^ader the foHo^ipng headings: 
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1. He was a pioneer investigator in plant pathology and so helped this 
branch to obtain needed recognition in the botanical world at a time 
when botanists were given too largely to the consideration of the mor¬ 
phology and systematic classification of flowering plants. In his investiga¬ 
tions along the lines of pure science he set a high standard for accuracy 
of statement and originality of information. In his bibliographical com¬ 
pilations of the literature of fungi he has given aid of great value to all 
other investigators. 

2. In the Harvard Cryptogamic Laboratories and Herbarium he started 
an institution new of its kind in this country and for many years lead¬ 
ing in facilities for under-graduate and post-graduate work all similar 
institutions that followed. The high ideals of fundamental and thorough 
instruction there put in practice have been ably carried out by his suc¬ 
cessors and assistants. 

3. He turned out as students from these laboratories many of the lead¬ 
ing American botanists. Through his wondeiful library and the her¬ 
barium he aided visiting botanists from time to time to obtain information 
and see specimens not generally available. He brought together in the 
herbarium one of the most complete collections of exsiocati of fungi that 
exists today in the world. Through his own coUecUona, specimens sent 
him, and the purchase or donation of such valuable collections as those of 
Curtis’ fungi, Tuckerman’s hchens, SuUivant’s and James’ hepatics and 
mosses, and algae by many noted collectors, he has made this herbarium a 
mocca for botanists interested in many fines of work. 

4. Through his attendance at botanical conferences in this country and 
Europe, and through published opiaions on the question of botanical 
nomenclature, he has exerted a strong influence in the form of a sane and 
stable use of scientific names as applied to fungi. Through this conserva¬ 
tive treatment, as compared with the more radical views hold by some in 
this country, ho has maintained a connecting fink with European botanical 
views on Hiis subject, which we hope some day may lead to uniformity of 
usage everywhere. 

5. Finally, through correspondence with botanists all over the country, 
aiding them by looking up references in unusual publications, sending speci¬ 
mens from his herbarium for their benefit, or deterinining specimens sent 
him, he has given great aid in furthering the investigations of others. This 
is a sort of work that often goes unappreciated by botanists, and perhaps 
explains in a measure why he did not publish more himself, as he gave 
much of his tiino to others. We have brfore us a hundred or more letters, 
all in his hand writing, many of them giving information asked for and 
requiring effort and care on his part to obtain. If to these are added the 
hundreds of letters he has written to others in the same helpful way, we 
gain a truer insight into his influence on botanists and their work. 
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The writer had the privilege last !March, shortly ht‘foro Doctor FurUiw’n 
final illness, of spending part of the day at the herbarium and in hi^ lihraiy 
obtaining desired infonnation covering certain snmth. As :d\vn,^h. there 
wai3 the sanic chatty talk concerning botanists, a little warning not to 
stir up a niuinal friend too much about th<‘ war, tlu' furnishing of <h‘sired 
specimens, and the repeated hrii»ging of reference l)ooks o]>f’ned at the 
designatrf'd page. It is a pleasure' thus to think (►f him still at w'(»rk in 
his beloved herbarium and libraiy, doing favtms for otlu'i's. 

Ck)NNK<JTXCPT AGIUCULTITUAI. ICXPMUlMJ'JN'l’ STATION, 

Nww llAVElSr, CONNTOC'TIOUT. 



STUDIES WITH MACROSPORIUM FROM TOMATOES 

J. Rosenbattm 

With Plates II and III and One FiamiB in thb Text 

The early blight or “nail head” spot {Maarosporium sp.) on tomato 
fruit has been known to growers^ and investigated by pathologists for a 
number of years. It is still a question, howevCT, whether: 

(1) Infection ir the field can take place without pre dous injury to the 
fruit, 

(2) The disease can originate and spread in transit on winter-grown 
tomatoes in the South, 

(3) The same or different species of Macrosporium cause similar or 
different lesions in the various tomato growing sections, 

(4) Macrosporium on tomatoes is identical with M, solani as found on 
the potato. 

The work here reported was done during the past three years with 
winter-grown tomatoes in southern Florida. Additional observations were 
made near Washington and in some New Jersey fields. Diseased speci¬ 
mens for study and isolations were also collected or received from Texas, 
Louisiana, Tennessee, and Maryland. 

The great destructiveness of this disease in the field has been recorded 
by Edgerton and Moreland (1), Sherbakoff (2), and more recently by 
Hesler (3). 

Edgerton and Moreland (1) say: “It probably stands as a close second 
to tho wilt in destructiveness, and in many regions it is the all important 

disease.At Norwood, where there were over 200 acres in 

tomatoes, the loss duo to this disease was estimated .to be at least 50 per 
cent.” 

Sherbakoff (2) states: “An accurate estimate of the damage caused by 
it is not available, but it is safe to say that wherever the disease is present 
a loss up to one-half the crop is sustained, even during a comparatively dry 
season. A much heavier loss is not rare.” Hesler (3) states: “Growers 
and others agree that a least 20 per cent of the fruits are culled out at the 
packing house on account of blight lesions. In addition to this loss, many 
tomatoes are not picked on account of early blight spots.” The observa¬ 
tions made by the writer lead him to conclude that in southern Florida 
where, accorduag to the Crop Estimates Report (9) 12,925 acres are grown, 
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this disease is by far th(‘ most dostrudivc and widespn'ud with which the 
groweis have to contend. In n received froui one of the {•nmt'rs, 
referrim*: to this disease the following slalc'inent is made; “I hav(‘ lost in 
the past eight/ years 20,000 {‘rales.” 

Dijfcrcnm belween ohi ami nrw spoU, The difftM-ein'e in appearann' ht'- 
tweeu an old spot and one rt‘sulting from a relatively new infection has 
enabled the writer to make numerous counts in llu* fndd with a, view to 
detcmimiug whother the size and age of a fruit havt‘ any ladation h) 
infection. 

The young spots ai'o superficial, light brown in color, with an iiulistinct 
margin. With ago the lesions beeomeAnore and more distinct, tin' (‘olor 
gradually changing from light brown to tlark brown or gray, with th{* mar¬ 
gin becoming more definite. The majority of the spots after tiny have 
attained the size of a nail head have nwlied the maxinmin siw*. They 
remain in this condition unless other fungi gain an entnuuH*. With ago 
tho spot shows a break or crack. It is thi.s opening which alTonls entrance 
for other fungi and causes tho h'sion to (‘nlarge. 

There is a period of four to eight weeks from th(* tiiu(‘ th(‘ spot is first 
visible to tho time when it takes on tlic appearance of an ohl Hpf)i, that is, 
becomes dark brown in color, sunken, and possibly shows a distlni't break 
in tile skin. 

Time ef infeoHon in theJiM, With tho ahov <4 knowl(*dge ns to the dif¬ 
ferences in appearance of an old and new spot, counts were made from a 
number of badly infected fields. In all eases tho circumference* of tho 
fruit was measured and tho appoaranco of new spots notcnl. Afl er making 
some preliminary measurements and counts it was decidtHl to dividt‘ ilio 
fruits into those six inches or less in circuniferenct^aiul those more tlmn six 
inches in circumference. 

In table 1 are given tho counts made from a badly infected llehl, part of 
which was sprayed with Bordeaux after tho fii-st picking tif fruit Uatl been 
made. All tho fruit from the size of a nmrble to matnri‘ fruit wius picked. 
It shows therefore, not only tho new infections on the small imd largo 
fruits, but incidentally also the (‘ITect of spraying on fho scvc^rity of tho 
infection, the percentage of disease in tho sprayed part being 51,4 ns com¬ 
pared to 70.0 per cent in the unsprayed. The inei’easo in the (juanUty of 
diseased fruit from December 22, when the first count was miulc, to Janu¬ 
ary 6, when the second count was made, was almost 54 per cent. On Dfr- 
cember 22, 1917, 174 tomatoes wore picked from another fiehl whoro the 

* OiroumierQnoo of tho fruib roforrod bo throughoub tho paper refers to the polar 
ciroumferenoe, i.e., in taking the moasuremont tho Lapo pasaotl around the atom 
and blossom end of the fruit. 
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TABLE 1 


Development of Macrosporium on large and small fruit and effect of one spraying 


DAO'S) FIC£E)D 

KtTM- 
BBB OF 
PLANTS 

TKBAOJMIINT 

1 

December 22 . 

H 

Unsprayed 

January 5 . 

IB 

Unsprayed 

January 5 . 

16 

Sprayed 

Total. 

75 



NUMBER 

OF 

CLEAN FRUIT 

NUMBER OF 
FRUIT 

with old 

SPOTS 

NUMBER OF 
FRUn? 
WITH NEW 
SPOTS 

1 s 

K 

1 

ii 

A s 

1 

i 

s 

p 

U 

8 

8 

Circumference 
more than 6 
inclies 

Circumference 
less than 6 
inches 

Circumference 
more than 6 
inches 

Circumference 
less than 6 
inches 

djco 

ig 

as 

|il 

|S.9 

Circumference 
less than 6 
inches 

107 

76 

0 

0 

6 

58 

25.9 


39 

12 

20 

0 

0 

179 

79.6 


40 

80 

14 

0 

0 

113 


61.4 

186 

168 

34 

0 

6 

350 

■ 

62.4 


disease was present. All the fruit from the size of a marble and up was 
picked and immediately sorted as follows; 


More than 6 inches in circumference, healthy...67 

More than 6 inches in circumference, showing new infection. 0 

Less than 6 inches in circumference, hetClthy.;.54 

Less than 6 inches in circumference, showing new infection. 42 

Less than 0 inches in circumference, showing older infection. 11 

Per cent of new infection in large fruit. 0 

Per cent of new infection in small fruit. 39.2 


To determine whether new infections would show up on the fruit after 
being held, an equal number of clean, small and large fruits was picked 
December 22, and kept at the laboratory for seven days. At the end of 
that time counts were made with the following results: 


Fruits more than 6 inches in ciroiunforence remained healthy.77 

The fruit less than 6 inches in circumference showed: 

Fruits with one new infection. 13 

Fruits with two now infections. ... 7 

Fruits with numerous new infections.. 41 

Fruits remaining healthy.. 16 

Per cent of fruit more than 6 inches in circuioforence deTeloping new 

spots. 0 

Per cent of fruit less than 6 inches in circumference developing new 
spots. 79.2 


A repetition of the above counts was made April 12. In this case three 
baskets of immature fruit varying from 1 to 6 inchbs in circumfermce 
were picked and carefully examined for early blight spots. Those show- 
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mg any &uspicioub oi definite Ic&ions had these maiked by iingmg with 
mdia mk and we ic m this way c xoludf d lioin the fin il < ounts I lu fiuil 
vs as cxnnmod Apiil 17 xiid April 22 loi (he (Uvelopnidit oi luw spots 
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simo time md kept under identic d eonehtionsitinuiuel lu dthy 
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1\RT1 

D({ loptiu 1 1 (J M i i iHt m inininl lu ft lit 



Ntii n 

isr itfuii 

V 5tn n 
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X 1 ux n IN 

Otr 1U 

n IN 

rOlAT 

IH M 

Kt MJ 1 B OX NJ V 81 “yTH 

T VSX 

i 1 

id IIAHl > L 

hamiii 1 



DI VII OI 1> 


\xrl 


1 1 

Y 

Ainl 

V 

\]jn 

1 spot 

10 

12 

1 

<) 

i‘) 

0 

u 

2() 

2 spots 

li 

0 

12 

1 

0 

<) 

n 


3 sjiots 

s 

5 

i 

i 

1 

s 

lo 

1() 

Mok thm s spots 

>1 

(I 

40 

0() 


10 

ns 

'll 

Remaining (loan 

0 

i 

n 

4 

•MMia Hai ilw* ^ 

0 

1 

2*) 

ll 


TABir \ 

Ikidopimnt <f Macio iMimm on vmtuu and immatuu Jtuif 



inui 

p—r 

lUUAlORD 1 Ul U 

OOVNT ITT MUI 3 

Nutil r 
h ilUy 

Nui b r 
ahowi Ri TV 
inf il n 

P 1 p It 
lib 4 1 

Nun Opt 

1 Alt by 

Numb 1 
h1 xm rn V 
inf t in 

I I nt 

<llM IH 1 

I 

1S() 

f) 

n 

los 

lio 

07 S 

II 

07 

0 

0 

*)! 

12 

10 2 

HI 

77 

0 

0 

10 

01 

70 2 

IV 

OS 

0 

0 

11 

21S 

01 1 


now mfeclions m Iho field veiy seldom oeem on matuie fiuit oi fiuit more 
than 0 inohejs on eneumfcience 

Shp^nent of ft Rome* giowas have been of tho opinion that the 
eaaly blight spot can oiigmate m ti msit In evtiy cast*, howevei, where 
a shipment of infected fiuib was {raced to tho point of oagm it w is fonuel 
bhat the fruit was spotted at tho timeiof packmg Ranels (1) founel the 
diseafao in the Chicago and Madison maikets on tomato fruit from t ho South 

• Assistance in the exammabion of the fruit at the point of ai rival waa give'u by 
Mr G- H Godfrey, Di N E Slevons, Di V B Stowait, Di Goo K K Link, Mi 
Pomeroy and Mr Van Orman 
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He says, “The evidence here indicated that the disease had developed 
during transit.” 

Throughout the •winter season, December to May, 1917, crate shipments 
of tomatoes were made to Washington and New York City. Nail head 
spots on fruit from badly infected fields as well as from clean fields, were 
marked by ringing with India ink before packing. 

A total of 17 express and freight shipments were made, involving 75 
crates. The results of these shipments showed that matuie fruit picked 
green, as is usually done, and healthy at the time of packmg, showed no 
new spots on their arrival. Moreover, fruit badly spotted at the tune of 
packing and packed in such a way ■that diseased and healthy fruit alter¬ 
nated showed no spread of the disease. This was done both with tomatoes 
■wrapped and unwrapped. 


TABI^4 

Development of Macioaponum on mature and immedure frmt in transit 


NTOBDR Off NEW 

' XMBfATUBE TRVJT 

MASPTJBE ffBTTJJ 

Prm CENT DISEASED 

6F0TO 

Ba>>3ket 1 

Basket 2 

Total 

Basket 8 

Basket 4 

Total 


Maitue 

0 

1 

14 

t 4 

18 

24 

23 

47 



1 

14 

8 

22 

0 

1 

! 1 



2 

13 

6 

19 

0 

0 

0 



3 

19 

5 

24 

0 

0 

0 



4 < 

5 

3 

8 

0 

0 

0 



5 OT more 

26 

33 

69 

0 

0 

0 

ilHI 


Total 

77 

66 

132 

0 

1 

1 

88 

2 


On the other hand, all shipments of immatuie fruit, that is, fruit less 
than 6 inches in oircumforonce, picked green and clean from an infected 
field, developed numerous spots at the time or soon after their arrival. 

In table 4 the counts ai’e given from one of the shipments. The ship¬ 
ment was made April 14 from Miami, Florida, in a car containing over 400 
crates of tomatoes, and was examined at New York City ten days later. 
Repetition of this work gave similai' results and confirmed the evidence of 
counts made in the field, that mature fruit as indicated by the size never 
becomes infected. 

Artijiml vnfecUons. The very excessive spotting of fruit in badly in¬ 
fected fields and careful examination of such fruit would seem to indicate 
that natural infection in the field takes place without previous injury to 
the tomato. Nevertheless, the writer heretofore had not been able to 
produce infection without injury to the fruit. This lias been the experi¬ 
ence of previous investigators as shown by the statements of Rands (4), 
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McCMbbiu f5) and Jonf*^ and Oroui. (6), all of whom won' unable lo pro¬ 
duce typical hymploins on the fruit without previous injury. Cn view of 
the obsoiwations inatle in lh(‘ I hat infection takes plac(‘ on the V(*ry 

younu, fruit, the idea suggest(‘d itself (hat artiIh*ialinf(‘eUou withoiil,t)r(‘vi- 
ouR injuiy could bo oldained by inoculating young or iiniuaturc fruit. 

('lean fruits of various sizes were collected niul placed in moist chambers 
and sprayed with a decoction of spores obtained from pure cull.ur(‘H ac¬ 
cording to the method (h'sorilx'd by Kuukel (7) and Rands (S). At the 
end of six days they were removed from Qic moist chambers, wrappc'd in 
paper, and kept at room temperature. They were examined again at the 
end of eight days at which time the following notes were ma<le: 


Nownmi or ratiiT 
-«- 


13 

1 

1 

6 

3 

4 
2 

5 

1 

2 


CUM c Ml 1 Hi-iNt u or ntuir 

ifu.he') 

0 or more 
1 
1 
1 
2 
2 
3 

3 

4 
4 


numbijK 01 HForrt on 
TiAcn ritoir 


0 

1 

2 

0 

0 

3 

0 

6 or more 
0 
1 


Artificial inoculations, in the laboratory as well as in tho field, on unin¬ 
jured fruit have been repeated'a large number of times with reWfcs Himilar 
to those presented abovo. Positive infection is obtained when tho inooii- 
lation is made on young, immaturo fruit approximately loss than 6 inohos 
in oiroumferenco. A period of from eight to ten days olapsoB from tho 
time the inoculation is made to the time when the symptoms aro first 
visible. 

The results of the artificial infections in the laboratory and field furnish 
additional indirect proof that the disease cannot originate or spread in 
transit on mature green fruit of the size which is generally shipp^. 

Types of lesions found on fruit and stems, and idenUty of fungi isolated. 
The lesions of early blight on tomato fruit as found in Florida and other Gulf 
States are small, circulax or irregular, brown to gray spots, feeldom attaining 
a size greater than that of an ordinary nail-head, as shown in plate II. Oo- 
cationally a much larger spot is produced, hut similar in color to the above 
as shown in plate III, figure A, This has been referred to during the prog¬ 
ress of this work as a spreading Maorosporium spot. In Florida this last 







1920] 


Rosenbaum: Tomato Macbospobidm 


17 


approximately twenty-five spores being measured at each time. Great 
variation was found among the individual spores for the same culture. It 
was also a problem whether the entire length of the spore, including the 
elongated pedicle or beak, should be measured. It was found that greater 
variation occurred in this beak than in the body of the spore. In table 5, 
however, which summarizes the results of these measurements, both are 
included. The position ia the spore where the body ends and the beak 
begins was necessarily more or less arbitrary; nevertheless, the following 
points were considered m deciding this question: (a) the light brown tinge 
of the body, as compared to the hyalme beak, (b) the more uniform diame¬ 
ter of the beak, and (c) the greater distances between the cross septa in 
the beak as compared to those in the spore body. Examination of the 
table of measurements (table 6) and comparison of the figures in figure 1 
show that the Macrosponums isolated from typical “nail head” spots 
vary considerably in size. In addition, there is shown still greater varia¬ 
tion in the spor^ from the isolations from the different lesions. Thus, 

18- 110 has a length of the spore body, not including the beak, of 47.3 
microns, as compared to 79.0 microns for the Macrosporium isolated from 
New Jersey tomato fruit. Between these two extremes various gradations 
in size of parasitic Macrosponums are shown. 

Notwithstanding these variations, it is nevertheless evident that the 
spore measurements likewise separate the Macrosponums into the same 
two groups as found when these were studied in culture, or as regards the 
kind of lesions produced. Those Maorosporiums isolated from typical 
“nail head” spots from fruit, stems and leaves are invariably smaller in 
size than Ma^os^mum solani from the potato, or the cultures 19-130 and 

19- 173, which resemble it. 

In addition to the difference in size found in these two groups, the fol¬ 
lowing differences are found, as shown in figure 1. Macrosjxmum solani 
19-130 and 19-173, show a large proportion of the beaks forked. In the 
remainder of the cultures, while a forked beak may occasionally be present, 
this is an exception rather than the rule. This characteristic of M. solam 
is especially well illustrated by Rands (4) in his figure 4. In addition, 
the beaks of the spores of M. solam from potatoes and Macrosporium cul¬ 
tures from tomatoes resembhng it, such as 19-130 and 19-173, are gener¬ 
ally coarser, i.e., of larger diameter than those of the Macrosponums iso¬ 
lated from tjrpical “nail head” spots. 

The cultures resulting from isolations made from tomato fruit from 
Tennessee, Texas, and Louisiana resemble in all respecia the cultures 
obtained from typical “nail head” spots from Florida fruit, which are 
discussed here. 



Measurement of Macrosporium 
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Fig. 1. Spores op Maobosporitjm 

A. Jlf. tomato. From culture marked 17-19. Isolated from typical “nail head” 
spot. Tomato fruit from Florida. 

B. M. aolani. From culture marked 19-173. Isolated from tomato plants af¬ 
fected with “foot-rot” from Delaware. 

0. M.solani. From culture marked 17-67. Isolated from potato seedlings from 
Maine. 

D. Saprophytic Macrosporium. From culture marked 19-148. Isolated from 
green tomato fruit from Florida. 

B. Af. tomato. From culture marked 18-110. Isolated from spreading “nail 
head” spot from Florida tomatoes as shown in plato II. Fig. A. 

F. ilf, solani. From, culture marked 19-134. Isolated from potato leaves from 
Maine. 

G. M. aolani. From culture marked 19-130. Isolated from tomato fruit rot 
from New Jersey. 

H. M, tomato. From culture marked 19-164. Isolated from “nail head” H5>ot 
from Florida tomatoes. The body of these spores are larger than the avejrage Af. 
t07nato from "nail head” spots but similar in the terminal beak, in cultural charac¬ 
ters, and in pathogenicity. 
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Consideration of the facts brought out in thoHo comparisonH shows 
without IX doubt that the Macrosporiums producing typical “nail bond” 
spots on fruit, stems, and h'avcs, as ro])r(>Henti‘d by cuKuivs marked 17-19, 
18-110, 19-15*1, and 19-170, arc dilTcrcnt from l\r,t,ohftu from potatoes, 
reprtjsented by cultures 17-57 and 10-131. 'Phey mv also dilTerent from 
39-130 from Nt'w Jersey tomalo fruit, and 19 173 from I)(‘laware tomato 
stems. The latter two cultur(‘s aftroe very closely with M. nolani from 
potatoes and should bo referred to as such. The abov(‘ n'sults may pos¬ 
sibly explain the appai'ont discrepancy betwec'ii th(‘ conelusifui <lrawn by 
Rands (4) and Kunkel (7) as regards the hlcntity of tlu*MaciH)spormm from 
tomatoes with Maa'osporimn solani from potatoes. Kui)k('l (7) rf‘f('rs 1o 
the Macrosporium from tomato as M. tomato. This spe<‘ific name is con¬ 
sidered a synonym by Jones and Grout (6) for Attmunia faaciculalOf 
which is not parasitic on the tomato. The spore meiusuvemeuts as given 
in the original description by Cooke (10) agree fairly wc'll, however, with 
the spores obtained from typical “nail head” spots, it is, of cour.se,, hard 
to determine whether (lookc’s M. tomato is identical with those obtained 
from “nail head” spots. In view of this fact, however, that it is undoubt¬ 
edly different and distinct from M. sdlani on potatoes, M. Lwnato Cooke is 
to bo preferred. In the cultures studied here all Maorosporiums isolated 
from t3rpical “nail head” spots, such as 17~19,18-110,1-147,19-154, and 
19-170, ghiould be referred to as M. tomato, while 17-57, 19-130, 10-134 
and 19-173 should be referred to as M. solani. 

SUMMARY 

1. Numerous counts made in the field and inoculation cxiieriments in 
the field and laboratoiy have shown that infection on loinalo(‘H resulting 
in tiypioal “nail liea<l” spots takes place without previous injury to the 
fruit. Such iufoction, however, takes place only on immature bTiit not 
more than approximately six inches in circunireroiiccL 

2, Experimental shipments of winter-grown tomatoes from the, Houth, 
together with aa'tificial inoculation experiments on tomato fruit of various 
maturities as indicated by size, have shown: 

a. That the disease commonly rofen’ed to as “nail head” spot docs not 
originate in transit on mature fruit picked from an infected field. 

b. That immature fruit, that is, fruit less than six inches in circumfer¬ 
ence picked from an infected field and shipped without delay, may develop 
numerous Macrosporium or “nail head” spots in transit. 

c. That the disease does not spread from one infected fruit to an adja¬ 
cent fruit during transit. 
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3. Isolations made from numerous diseased tomato fruit, stems, and 
loaves from Florida and other tomato growing sections have shown that 
the same kind of a lesion is generally produced by the same Macrosporium. 

4. Cultural and morphological comparkons of aU the Macrosporiums 
obtained from tomatoes with Macrosporium sokmi E. & M. from potatoes 
show that: 

a. Typical “nail head” spots on fruit, stems, and leaves are caused by 
a Macrosporium different specifically from Macrosporium solani from 
potatoes. For reasons pointed out in the text, the Macrosporium caus¬ 
ing such spots should be referred to as M. tomato Cooke. 

h. A stem disease occun’ing in Delaware and a fruit rot of tomatoes in 
New Jersey are caused by a Macrosporium which resembles M. solani in 
culture, in morphology and in its pathogenicity. It diould therefore be 
referred to as M. solani E. & M. 

Bureaij op Plant Industry, 

Washington, D. C. 
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PiiATE II Machospobittm (“Naiii Hdad”) Spots on Iomato Stems and I hxjit 

The stem and fruit show typical '^nail head’* spots as a result of uatuial infpc lion 
m a field near Miami, Flonda 
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PiiATW lir, Lwhionk on Tomato Kuuit Dub to M vorospoihum 

Fig. A. Naiural ion on np(‘ toina(«> hUowiuf? ii H])ot whi<*h has hocMi iTfvrrtsl 
to in tho text as a ''sproaiHiiff Marrosporium s])ol.” 

Fig. B. Lesions produced arlificially ])y inociilaling wiili Macrosijorium from 
tomato fruit coUoetcd iu New Jersey. 

Fig. C and D. Old Maorosporinm spots which show secondary infection by other 
organisms. 

Fig B and F. Typical “nail head” spots on tomato fruit from Florida. 
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io the right, the callus disappeared, also the dead cells. The path of the 
solution could no longer bo detected. On the right hand side ol the 
section could be seen in the center of a typical xylem tissue a strip of 
abnormal xylem, consisting of lignified phloem cells mingled with tjpical 
xylem ones. The cambium layer was agam normal. 

CAUSES STATED 

There are two main causes for this development of xylem in the phloem 
region: (1) The mechanical severance of the vascular tissues; (2) the 
chemical stimulation of the cells. 

I. THE MECHANICAL SEVEEANCE OP THE VASCULAR TISSUES 

Rm&u) of literature 

Much study has been given to the effect of severing one or more tissues 
of the vascylar system of plants and there is now extensive hterature on 
this phase of experimental morphology. It will be found compiled in 
Kuster’s Pathologische Pflanizenanatomie (1), but it is of value to sum¬ 
marize here at least four of the most important papers, which show the 
results of mechanical severance of^ part of a plant’s vascular system. 

Hugo de Vries (8) studied the formation of wound wood on a variety of 
trees. By mgenious methods he succeeded in severing successively the 
phloem, the cambium, and the newest rings of wood without injury to 
the other tissues. Ho found: 

.a. The cells of all tissues formed nearest a transverse wound were 
shorter than normal ones and lengthened with distance from the wound 
until they attained their normal length. 

Cuts made parallel to a stem axis produced cells of normal length. 

h. A transveise out of young wood cells made without injury to the 
other tissues produced callus and, later, wound wood gradually developed. 

c. A transverse cut of the cambium alone produced callus and wound 
wood. In the latter were strands of vessels which connected the normal 
wood both above and below the wound. 

d. A transverse cut of the inner phloem made from the inner side (next 
the cambium) produced wound wood as in the case of the severing of the 
cambium. But when the cut was made from the outside, however, and 
the cambium was uninjured, callus was produced. 

e. Lessening the tension of the b£Hk increased the number of vessels 
and the diameter of all cells, whether the cut was parallel to the axis of 
the branch, across it or oblique to it. No wood jBlbers were formed in 
the wound wood if the longitudinal tension of the cambium tissue was 
diminished. 
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/. The nearer Ihc wound, ihc emallcr anti more numorouH ilo hirands 
of vesselB become. With an increase in the distance of the tissue from 
the wound the strandfa of vessels tend to coole&ce mid hntillv conneeb 
with the normal xylem (see de Vries* illustration, fic;. II, plate 2). 

Vochthift (7), by transplanting or removing oigans of plants, tlemon- 
strated the rolo tliat the polarity of plants played in tho direction which 
these newly formed strands of vessels look in connecting tht* st'vt'retl 
strands. Wlion the plant was in a normal position the “bridge” or strand 
of vessels binding tho two ends made as short a Imo as possible. With 
mcreasing variation from the usual position of the plant, the direistnc^ss 
of the connecting strand diminished. 

Simon (5) found by means of ringing or by partly severing tho stems 
of young plants that the first reaction to a transverse wound was tho 
formation of callus, first on the upper, then on the lower side of the wound. 
Very shortly after this callus formation appeared stoantls of veasols which 
were either tracheids or true vossles. In case the wound was made in 
tissue so your^ that the cambium had not begun its activity, tho vessels 
appeared before the meristcmatic cells. -•These strands formed first near 
the ends of the severed strands. 

In the case of ^ wound made by transversely severing a portion of the 
vascular system of a plant, the reunion of tho cut vascular tissues pro¬ 
ceeded as follows. The strands of vessels formed first on the upper side 
of the wound at the basal ends of the normal strands of vessels, and then 
at the apical ends of the strands on the lower side. These vessels often 
were formed by a direct conversion of cells without previous cell division. 
A little later a meristematio strand of tissue formed just back of the callus 
which covered tho surface of tho wound. In this moriatomatic tissue 
vessels appeared, and later the usual phloem and xylom cells. In this 
manner a “bridge” was formed for the flow of the sap. 

Neeff (2) studied the effects of reeving the terminal bud from sprouts 
which were thus forced to continue thoir length growth from a secondary 
bud near the tip. He also studied the effects of transvorso outs through 
parts of the vascular system. Cambium, phloem, and xylem were affected. 

a. Cambial cells in the neighborhood of the wound divided into short 
cells. This tissue then proceeded to grow in the direction of the secondary 
bud, which then replaced the terminal bud. Its cells formed wood and 
bast parenchyma. It developed vessels and sieve tubes by the absorption 
of lateral cell walls. These atypical strands sometimes ran at right angles 
to the original direction of the o^, cuttmg through medullary rays 
lying in their path, A cambium layer gradually developed phloem and 
Xylem cells, both groups of elements becoming more normal in shape 
the farther removed they were from the wound. Transverse wounds of 
the vasoulax cf young sprouts produced the same results. 
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h. After the operations, short, dividing cambium cells (NeefiE’s nomen¬ 
clature) developed in the phloem r^on. This tissue developed as 
described in In the development of the connecting “bridge” phloem 
cells were converted without cell division. Bast fibers developed pits. 
Cells of the medullary rays were changed into short sieve tubes and 
companion cells. The medullary rays were cut into small parts by these 
developing strands. 

c. The xylem region produced a dividing cambial layer which developed 
abnormal wood. This wood was at first composed of wood parenchyma; 
later fibers developed. Strands of vessels were found which grew at right 
angles to the original direction of wood cells. If the wounded xylem 
tissue was young, the growing cambium layer developed the usual vascular 
elements for sap transportation. But before these strands were developed, 
the old wood cells were used in the transportation. 

These descriptions formed a picture complete enough to diow the 
processes by which a plant recovered from a mechanical wound which 
severed a part of its vascular system. There would have been no need 
for further work had not some espCTiments made by Schilbersaky (4) 
appeared to disagree with the results described above and apparently 
agreed with some of those attained by the writer, i.e., the formation of 
xylem cells on the outer side of the hard bast. 

Schilberszky stated that extra fascicular vascular bundles could be 
formed on the outer side of the hard bast cells in seedlings of Phaseolua 
mvltifiorus and P. vulgaris. This new tissue developed by the activity of 
the starch sheath or endodermis, which acted as a cambium layer, pro¬ 
ducing phloem cells on its outer side and xylem cells on its inner. He 
produced this result by cutting out a part of the seedlings’ stems when 
they were actively growing. 

An attempt was made by the writer to repeat Schilborszky’s experi¬ 
ments. This could not be done exactly, for the reason that seed of 
Phaseolus muUiflonis or P. vulgaris could not be obtained at the time the 
work started. Instead seedlings of the vetch, Vicia faba. were used, as 
were a few seedlings of an edible pea, of castor bean and young shoots 
of Polygonum sieholdii. Schilberzsky’s result was not obtained, i.e., the 
conversion of the endodermis into a cambium layer, such as he figured 
in figure 5, Plate XXII (4). 

« 

Experiments with Vetch seedlings 

Results of interest, however, were obtained with vetch seedlings. 
At a period of rapid growth a segment | inch long was removed from 
the stem of a seedling, leaving but one-half or one-third of the cylindrical 
stem through which the sap could flow. This remaining segment of 
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si cm robpondecl by forminp, a callus over ihe cui surface. Beliiiul iliis 
callub formed a nicribiemiatic layer connected with the eaudnuin of iho 
old viibcular sybtein. This lay(T in time produced phloem and xyleni 
cells and thus loformed as neaily as pohsible the oriftinal circular vascular 
system. During this time the vabcular elements left in the b(*ftmenl of 
stem increased in qusuility by s(‘coudary growth. These rehults were 
duplicated with becdlings of pea and castor oil hean, and with shoots of 
Polygonum. 

The neaicbt approach to Schilberszky’b results was obtained when so 
lai’go a segment of the seedling's stem was removed that the wound was 
next to the xylem cells and few of any pitch cells were left. In this case 
a meristomatic layer of cells termed just outside the hard bast just !i.s is 
pictured in Schilberszky's figure 3, plate XXII (4). But this meriste- 
matic layer, as Schilborszky apparently failed to see, was eonnectwl with 
the original cambium layer. Later some vessels developed in this new 
formed meristomatic layer but at right angles to the normal direction 
of tlie cells. Serial transverse sections of such slom segments demon¬ 
strated this connection of the meriatematic and newly formed vessels 
with the old vascular system. They could be seen passing lietween 
vascular bundles to the position outside the hard bast cells. The experi¬ 
ments did not show that the endodormis or the region about it was, in 
and of itself, especially active in growth, but that all the cells in the veich 
seedlings’ stems, except the haid bast cells, were capabk' of growth when 
they lay near a wound. 


Summary 

When there was a mechanical severance of growing vascular tissues 
/(and here no chemical was introduced), new passages for the sap were 
formed invariably. When the plant was in a normal position such now 
passages always connected the severed ends and took a neaily direct 
route, 

These conclusions are based on experiments of do Vries, Vhcliling, 
Simon, and Neeff, and have been confirmed by the writer. The only 
one of the authors here considered who didmot agree with this statement 
was Sebilberszky. His observation that there were new formed vessels 
outside the hard bast region was right, though only in such cases where 
So large a section of the seedling’s stem was removed that little if any 
pitch cells were left^ However he f^ed to see the connection between 
‘'ttisse Vessels outside the hard bast r^on and* the normal vessels, and 
not reahae the p$rt they played in transportation of the sap. 
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Condition of injtded trees 

When comparing the results obtained from cutting with a knife through 
a part of the vascular system of a plant with those obtained by injecting 
it with chemicals, it should be remembered that these results varied, 
because the effect of the chemicals varied and also because there was a 
variation in the effect of a solution in an injected tree due to the retention 
of the chemical by the cell walls and the consequent increasing dilution 
of the passing stream. 

An examination of the trees showed: 

a. If the solution killed, but did not spread rapidly through the tree, 
then a splitting of the bark occurred along the path of the solution and a 
typical callus formed such as would have developed had the bark been 
cut by a knife. The more toxic the solution the more normal the wound 
tissue. 

Sometimds a hole was worn in the young wood by the passing solution. 
If the cells surrounding the hole were alive the hole was filled by a callus 
growth. 

h. If the solution was less toxic than the one described in a, it stopped 
the growth of the new wood, the cambium and inner bast, either one, 
two or all three of the tissues, according to its toxicity and to the path of 
the solution.- Here wound wood formed which connected the severed 
or blocked vascular tissues. But instead of wound tissues such as formed 
about a cut, wound tissue formed in a narrow area extending up and 
down the tiee, often for a number of feet. 

c. If the solution did not injure or inhibit coH growth, it caused an 
irregular growth of cells. This showed itself in the phloem region in 
atypical lignified cells formed in irregular strands which connected with 
the normal xylem tissue. This third phase of the results from tree injec¬ 
tion was caused by chomical stimulation. 

II. CHEMICAL STIMULATION OP CELLS 
Smithes experiments with chemicals 

Tho paper “Mechanism of Tumor Growth in Crown Gall” recently 
published by Erwin F. Smith (6) showed to what an extent the presence 
of certain chemicals could excite plant cells. His figures (6) on plates 
56, 68, 59, and 61 showed these effects most clearly. They showed 
intumescences produced, on the under surface of cauliflower leaves whMi 
exposed to the vapor of a mixture of ethyl alcohol and acetic acid. Here 
there could be no question of a severance or blocking of the originid 
vascular system of the plant, by a bruise, or a out. Chemical irritation 
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at a single point on tho leaf had continued long enough to produce ocU 
growth and division. This activity had been followed by the formation 
of conducting tissue connecting tho growmg region with the normal 
vabcular system. In Smith’s illustrations, figures 3, 4, and 6, plat(* 58, 
showed transverse sections of these intumoHcences and figure I, plate 01, 
a longitudinal section, in which incipient vessels could be seen entering 
the region of actively growing cells. 

The extent to which chemical irritation could produce extra vascular 
tissue was shown .by Smith’s illustrations on plates 37, 38, 39, 40 and 41, 
where the injection of a 5 per cent solution of monobasic ammonium 
phosphate into an internode of a castor bean seedling had caused the 
formation of a second vascular system in the pith cells lining the hollow 
intemode. 


jExperimenta with Polygonum and Vetch seedlings 

The writer produced a result similar to Smith’s with the castor bean 
seedling, but less fully developed, by exposing the cavities of intornodes of 
young shoots of Polygonum sieholdii to the stimulation of air. This was 
done by removing a segment of stem from an intemode. The exposed 
pith colls lining the cavity formed a callus. Behind this developed a 
moristematio layer in which vessels appeared. These vessels connected 
with xylem cells in the normal vascular system. 

In order to compare more readily the difference in results between 
mechanical severance of tho vascular tissues and that produced by the 
injection of chemical solutions, experiments were made with vetch seed¬ 
lings. During a period of rapid elongation, those were injected by means 
of a hypodermic syringe. The solutions of chemicals (circa I ce.) were 
introduced in tho intemodos with as little injury to tho stems as possible. 
When ejeamining the mjeotod plants the region around tho plaoo of injec¬ 
tion was discarded. The following results were obtained; 

fl. When the solution killed the tissues a meristematic tissue cut off 
the dead cells from the living. If part of the vascular tissue was killed 
new tissue developed. (Example: merourio bichloride 1/600 Q. M,). 

b. When the solution inhibited cell growth (near the place of injection), 
the result was the formation of a meristematic layer, and (1) cells at a 
distance showed little if any response (picric acid 1/10000 G. M.); (2) 
cells at a distance showed irregular division (example: thymol 1/1000 
Q. M. and to a much greater extent cell division was produced by sodium 
hydroxide 1/60 G* M., lithium nitrate 1/50 G. M. and Knop’s solution). 

c. When the solution prCduoed no effect (distilled water). 

These effect obtained in the vetch Seedlings were vmy irregular com- 
peojed with those produced with the knife. 
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In the results described under 6, the cells in the cortex and pith regions 
divided once, twice and sometimes three times and generally ^owed large 
nuclei. No vessels were noticed among these dividing cells. The cells 
of the vascular bundles were unchanged, but many of the cells in the 
neighborhood of the cambium contained unusually large nuclei. This 
especially was the case in those stems injected with Knopfs solution. 
These effects produced in the seedlings by the small amount of chemical 
solution injected, about 1 cc. in a plant, were regarded as a first phase of 
cell response to the irritation caused by the presence of a chemical. 

When there was a chemical stimulation of plant cells, they responded 
by cell division and sometimes growth. In case the stimulation was 
sufficiently pronounced, the resulting region of actively dividing cells 
developed vessels which connected with the normal vascular system 
of the plant. 

With continued stimulation more fully developed xylem tissue formed. 

Examination of injected tree trunks 

An examination of injected trees was made by sawing the trunks into 
sections and then following the path of Ihe solution up and down the tree 
from the injection hole to the point where phloem, cambium, and xylem 
regions were normal in appearance. Blocks of wood wa*e removed from 
these sections at varying distances from the injection hole, both in the 
path of the solution and at the side. Microscopical slides were prepared 
from these blocks. 

These slides showed that the greatest amount of extra xylem, i.e., 
xylem m the phloem region, was in the neighborhood of the injection 
hole and the IdUed tissue extending up and down the tree from the hole. 
In general the extra xylem cells in this region were normal m shape and 
developed in numerous strands of uniform cells which ultimately united 
with the normal vascular tissue. See fig. 1, plate IV toward the side 
marked +• Figure 1, plate V shows an enlargement of a part of a cross 
section of a strand or bridge of xylem (as in fig. 1, plate IV, diowing the 
development of normally shaped xylem cells on ihe outer side (nearer 
the bark) of a row of bast fiber cells. On the inner side of the bast fiber 
row the walls of the medullary ray cells are partially lignified, but have 
not changed their size and shape. 

The slides also showed the presence of extra xylem cells of normal shape 
and small size in the phloem region when the cells of the r^ular xylem 
were normal in appearance, where no sign of an occlusion of the -tassue was 
visible and where the place itself was so far removed from killed tissue 
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there could be no question of effect from severed vascular tissues. Figure 
2, plate V shows a longitudinal radial section of such a region. 

In this region there also were extra xylem cells which were phloem colls 
with lignified walls, also usually arranged in irregular strands. Fre¬ 
quently in these xylem strands there were groups of phloem colls with inter¬ 
cellular species in their midst. This pathological tissue connected with fciw 
normal vascular system of the tree. Such tissue can be seen in figure 1, 
plate IV on the side marked 0. It can also be seen in the center of figure 
2, plate IV. 

In the great majority of cases the injected trunks showed that this region 
containing uTegular or extra xylem was, comparatively speaking, a small 
one. Usually pathological tissues could not be seen more than two feet 
from the injection hole. This was partly due to the fact that when the 
trees were injected an endeavor was made not to kill them by the treat¬ 
ment and consequently the chemical solutions used were dilute. 

SUMMARY 

The causes for the production of pathological xylem in the phloem region 
of the trunks of injected chestnut trees is two-fold: (1) The mechanical 
severance of vascular tissues; (2) the chemical stimulation of ccUs. 

1. The xylem is caused by a mechanical block formed in the neighbor¬ 
hood of the wound; in such a region meristematio cella and vessels arise. 
The v^sels develop from new meristematic cells and from local cells. 
Strands of such meristematic cells and vessels connect the severed ends of 
the vascular tissues. The above mentioned facts have boon brought out 
by the experiments of de Vries, Vochting, Simon, and Neeff, and have 
been confirmed by the writer’s experiments with seedlings. 

2. The xylem, due to a chemical stimulation, forms in the neighbor¬ 
hood of cells which have begun dividing and connects that growing region 
with the regular vascular system. This procedure of coll growth was 
brou^t out by Smith's results from subjecting cauliflower loaves to chem¬ 
ical vapors and by the writer's from exposing the interior of young Poly¬ 
gonum intemodes to the air. 

The writer’s examination of tree trunks injected with various chemicals 
shows that frequently the two factors, mechanical severance of vascular 
tissue and chemical stimulation, act simultaneously in the formation of 
strands of pathological sylom in the phloem region. Observation, how¬ 
ever, also shows that a mechanical obstruction in the vascular tissue® 
results in a more regular formation of strands of xylem cells than when 
they are caused by chemical stimulation. 
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The writer jBbads that at a marked distance beyond injured or discolored 
tissues, irregular strands of xylem are found in the phloem region, strands 
composed of irregularly formed cells and of irregular formation. This 
formation is not caused by a severance of a part of the tree’s vascular 
tissues, but by a chemical stimulation. 

Investigations in Forest Pathology 
Bureau op Plant Iistdustrt, 

United States Department op Agriculture 
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Plato IV 

Fig. 1. Tiec no 210, mjcoted with lithium carbonate, 1/600 G. M. Cross sec¬ 
tion of baik and wood p, phloem; as, zylem; c, cambium; cc, cork cambium or bark 
cambium; 6/, bast fibers; ct, extra strand or bridge of xylem in the phloom region; 
8, stain caused by the injected lithium salt. (See text p. 24.) 

Fig. 2. Tree no. 148F. Injected with nitro phenol para 1/1000 G. M. Cross 
section of bark and wood, p, phloem;«, :Qrlem; c, cambium; 6/, bast fibers. (See 
text p, 24,) 
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Platu V 

Fig. 1 Enlaigcmont of sliand of wood in tho phloem region mnikcd a in figme 1, 
plate IV. The inner region of the &trand of xylem, showing ihe develojimcut ot 
zylem cells on the outer side of a row of bast fiber colls. The laigo openings in the 
xylem ate tracheae, as, xylem; i/, bast fiber cells; wr, medullary ray colls; sc, stone 
cells. 

Fig. 2. Ti’ee no. 21C. Longitudinal radial section of strand of xylem in iihloem 
region. The left of the picture is nearest to the ouior bark, the right of the picture 
nearest the wood rings, so, si one coll; x, xylem coll; t, trachea; bf, bast fibers. 
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THE MOSAIC DISEASE OF THE SOLANACEAE, ITS RELA¬ 
TION TO THE PHLOEM-NECROSIS, AND ITS EFFECT 
UPON POTATO CULTURE 

H. M. Quanjbr 
With Fourteen Figures in the Text 

The “curl” of potatoes is an old disease which hitherto has been con¬ 
nected by cailicr authors with degeneration or senility of the variety. 
In the beginning of this centuiy Dr. O. Appel made it clear that the temi 
“curl” has been applied to a number of distinct diseases; he set apart 
a particular form which he called “leaf roll;” for another tjqie he letaincd 
the old name “leaf curl” (Krauselki’ankheit). This last type is the same 
w’hich is called “curly dwarf” in America. Another form related to this 
group is described in America as “mosaic” (Orton, 1914). 

The first requisite for expeiiments on the contagiousness of Ihcsc 
diseases is a great quantity of reliable healthy plants. Since these diseases 
are widely spread in the fields it is necessary to cultivate healthy plants 
on a large scale. It is the merit of Oortwyn Botjes to have detected the 
mode of dissemination in the field and to have based on it a method of 
cultivating disease-free plants. 

The writer has studied the histological and physiological side of the 
problem. He detected phloem-necrosis in 1908 and described it for the 
first time in 1913, after having made obseivations on it in strains of pota¬ 
toes of the variety Paul Kruger and some other varieties cultivated during 
five years. He has come to the conclusion that the old conception of 
“leaf curl" coniains two distinct diseases. 

1. Leaf-roll, which may better be termed phloem-necrosis or, according 
to Pethybridge, Icpto-necrosis. It is contagious and pseudo-hereditary 
(Quanjer, V. D. Lek, and Oortwyn Botjes, 1916), and by means of these 
pecuhai’ilics distinguishable from pseudo-leafroll caused by soil influences. 
Moreover, it is characterized by necrosis of the phloem strands and is 
thereby discernible from foot and wilt diseases (Quanjer, 1913). 

That the phloem cells arc affected in cases of loaf-roll is confirmed by 
Dr. E. Artschwager (1918), though he believes there arc exceptions. 
The writer is convinced, as far as the variety Paul Kriigcr is concerned, 
that phloem-necrosis is the only internal sjuraptom which distinguishes 
true leaf-roll from a number of other pathological conditions which have 
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some resemblance to it and wliieh might have ])Iayod a ])art in 
Artschwager’s one year’s ol)sevvaiions, 

2. Lcaf-cuii (curly dwarf). This may be called uion^ api)i(>])rial('ly 
mosaic, as it is the intense foim of the latter disonler. In s(>veral varielu's 
oi poiatooH Oortwyn Botjos and Qiuinj(M- have observ<‘d that lu‘althy 
plants exposed to eontaininat ion by neighboring mosaic or cmlv <hvarf 
plants show in their progeny the first faint symptoms of mosaic, which 
accumulate and pass into the well-known curling and dwarfing m the 
following generation (figs. 4 and 5). 

There is a good deal of analogy between phloem-necrosis and mosaic. 
These diseases are not discernible, or if so very slightly, in the year in 

QQOdOO <BO0CD®0 DDDDOD 

Pio 1 At the left, SIX halves oC healthy tnbois, Iho othoi half of each of \vhi<‘h 
has been trausplaulctl to a half diseased tuber (m llie centei) \.t the light, the six 
control halves of the diseased tubeis The ii an splinted halves grow into one by 
nican.s ol the phloem ])oi tioiis ot tlieir vnsenlit lings. Aftei being planted t he shoots 
of the sound halves will piove to be contaamiated. 



Fk/. 2. In the center is shown a combination of a sound hiilf and a diseased' oiu*; 
the other halves are to bo fouud at t ho loft and right. 

which infection occurs. In the case of phloem-necrosis sometimes and in 
some varieties it may be recognized in a mild form in the upper parts of 
the plants as “primary leaf-roll;” in tihe progeny of the primarily infected 
plants the disease develops in its intense or “secondary” form, which 
admits of a reliable diagnosis. The same thing holds good with regard 
to the mosaic disease. In a primarily infected plant the symptoms are 
not discernible to an appreciable degree; even in the direct progeny it 
may vary from a scarcely discernible form to intense mosaic; in the fol¬ 
lowing generation the mosaic may be coupled with a curled or dwarfed 
habit. In very sheltered places the more intense fonn does not develop, 
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Fic 6 A Plant op Vaeibtt Bigenhbimdb with the Mild ob Mosaic Form oi 
Disease B Plant op this Vabibtt with the Cerlt Dwarp Form 
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as is the case with phloem-necrosis. So the jiroftross of mosaic in several 
varieties is slower than that of i)hloem-n(‘erosis. 

That both i)hloein-neerosis and mosaic are coniuftioiis can he piove<l 
by ftraflinf!, diseased scions on health.y stocks or by transplanting!, halves 
of diseased tubers on halves of healthy ones (h{!,s. 1 and 2b Th<‘same 
methods have been used in order to prove that dilferent tonus of mosaic, 
varying, according to the vaiiety of potatoes, are indeed tin* v(‘ry same 
disorder. 

The chief sources of infection by phloem-necrosis and mosaic in the 
field are neighboring plants (fig. 3), (Oortwyn Botjes 19JG). In figure 3 
the upper row ol cii’elots represents a row of plants growing in 1917 on 
heavy clay, being the progeny of one plant. This row was plant(‘d in an 
isolated place, so that infection ('oidd originate only from diseased ])lants 
in the row itself. Tin* two lilackened eircleis are plants attacked by 
phlocm-nccrosis, the six gray ones by mosaic. Of one ol these (the sixth), 

•®oooooo®oooo®®© 
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FlO. 3. DiAOUUI IliLXJSTHATINO FlELD Sl*Rr,\D Ol’ MoS VX(’ AND PltEOSM-NllCHOSIS 

a portion of the stalks arc mosaic. Under each of the circlets a v(‘rlical 
row of five circlets is drawn, representing the asexual iwogi’iiy in 19 IK of 
the eoiTesponding plant in 1917. It is seen from the progeny of 191H 
that phloem-necrosis has spread in 1917 to the next neighbor and has 
infected even the following neighbor so slightly that tlu* di,s(‘jise is aj)pre- 
ciablo only in some sprouts of one plant of its progeny. The (‘xteiision of 
mosaic to the neighboring plants occurred in an entirely analogous way; 
the partially infected plant has an entirely diseased olfspring. (Icnenilly 
the mosaic proceeds to the next neighbor; in exceptional cases the fol¬ 
lowing neighbor also is infected. On heavy clay soil only Iho very 
nearest neighboring plant was infected. On light sandy or peaty soils 
the infection passed on to the thii'd, fourth, or fifth plant, or to a distance 
of 2 or 3 yards. In an experimental way it has been shown that as a 
rule the infection passes thorough the soil, not through tho air. This is 
illustrated by figure 6, where the two vertical rows of circlets represent 
each a row of five mosaic plants of the variety Paul Krliger, growing on 
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sandy soil; the two horizontal rows are healthy plants of the variety 
Bravo. In the left plot an iron partition was fixed into the soil to a depth 
of above one yard; in the other plot (situated at some distance) the roots 
of the healthy and diseased plants could intertwme. The next year the 
whole progeny of the Bravo of the left plot was still healthy; the whole 
offspring of the Bravo of the right plot was diseased. 

In 1915 a row of tubers attacked by phloem-necrosis and a row of 
healthy ones was planted side by side (at the left) (fig. 7). Between them 
and above the ground a double wire was erected so that the roots could 
reach each other but the vines could not. On another plot (at the right) 
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Fia 6. Speead or Potato Mosaic thbough the Soil 
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a row of tubers attacked by the same disease was planted at the side of 
a trench in which healthy plants were placed in pots. Each pot was 
wrapped in “wood-wool,” so that the roots could not reach those of the 
diseased plants; the vines, however, could touch each other. In 1916 
all the healthy plants of the first plot had a diseased progeny, whereas 
all the pot plante of the other plot had healthy offspring. 

In the experiment illustrated in figure 8, ee^, zinc below, glass above, 
contained two potato plants, a healthy one and a leaf-rolled one, growing 
side by side. In the first two cells the roots could join but the “vines” 
were separated by a glass partition. In the following two cells the roots 
were separated by pots so that the foliage could touch. In the last two 
cells both roots and vines were separated. The result in 1916 was that 
contamination had oeouired only where the roots could intertwine. 
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In figure 9 is illustrated the same experiment on mosaic. In oaeh pair 
of cells the varieties “Blauwe” and “Eigenheiincr” have been aU(‘riuitely 
used as source of infecUon. Tlic healthy plants, which were exposed 
to infection, were of the variety Eigenheimer. No matter which variety 
was used as the source of contamination, the Eigenh('iiner in (‘very ease 
caught the disease where the roots were exposed to it; it did not where 
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Fig, 8. Sphbad of Potato Lbaf-Roll 
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Fig. 9. Sfrsiad of Potato Mosaic 


the foliage was exposed. From this it is clear that the mosaic of either 
variety is identical. When in 1917 the Eigenhcimcr used as source of 
infection had the mild or ''mosaic” form of disease, in 1918 it had developed 
into the "curly dwarf” form (indicated by a darker gray color). The 
newly infected plant had the weak mosalo in 1918. So the progression 
from mosaic to "curly dwarf” has been proved. When those experiments 
were repeated in 1918 the result was the same as concerns subsoil in- 
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fcction, but some of the plants which were exposed to above ground in¬ 
fection only, also caught the disease as was to be seen from their progeny 
in 1919. The variety Blauwe is not able to assume the “curly dwarf” 
form. Although it may be severelj" diseased, the disorder vill still be 
expressed as mosaic. 

The question arises whether the contagia (virus or more probably 
ultramicroscopic pai’asites) causing these diseases can live in a saprophj’tic 
condition in the soil from the moment that it has been deposited there by 
diseased plants till the time when a new crop of potatoes is raised. The 
expciiments undertaken to solve this question at Wageningen, in the 
southern part of our country, have not led to any unifonn results in the 
case of phloem-necrosis. It is to be borne in mind that it is very difficult 



Fia. 10. Photogrvph of the Cells RDrBERBD to in Figures 8 anb 9 

to determine whether primary infection has occurred by observing the 
mild symptoms of this disease in the upper parts of the plant, as the latter 
may bo easily confounded with injury due to soil conditions or to attack 
of the subterranean parts by various parasites. Therefore not only the 
plants of the experiment itself, but also the progeny of each of them has 
always been observed. The writer’s first experiment in 1915 on soil 
infection with phloem-necrosis, on plots which had borne diseased plants 
some years previous, led to positive results. Control plants on plots 
where potatoes were never grown kept healthy, but when those experi¬ 
ments jWere repeated in 1917, after a very severe winter had kUled all 
living parts of the potato plant to a great depth, the existence of soil 
infection could not be proved. Oortwyn Botjes in the north of our 
country has, from 1913 to 1918, made several experiments on soil infec- 
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tion and never saw traecs of it, either in the plants of the experiment or 
in their progeny. The number of interveniuff winters during the term 
of his experiments varied from two to five. Wortley (1018) agrees with 
Oortwyn Botjes in this respect. The following eircumstaneo is to be 
considered in explaining the positive result of 1915. It is obs(‘rved lhat 
in Wageningen, in mild winters, some deep grown tubers oft^n reinaiu 
alive in the soil, from which stunted plants develop, which, cv(‘n when the 
field is regularly cultivated, may again produce some deep growing little 
tubers. As shown in figure 11, tubers are found also at a depth of about 
half a yard in the soil, which, after having passed the first winter, pro¬ 
duce no stalks but only tubor-bcai’ing stolons (cf. also Vochting, 1902). 
That the contagium lives as a saprophyte in the soil is not probable; it 
seems to depend upon living parts of the plant. It is scarcely to be 
supposed that tho contagium could keep in this way for more than two 
winters. The observations of Oortwyn Botjes (1919) give occasion to 



Fig. 11. DbudpiiY Buried Potatoes, Suowino Tuber Formation without Fouaoe 

the suggestion that some of tho infections ascribed by tho writer to tho 
soil in reality originate from diseased plants wliich were growing at a 
distance of about twenty yards from his experimental plots. 

In experiments on soil infection with mosaic negative r(‘Hult8 were 
obtained in 1917-1918. 

As the contamination of neighboring plants in the case of both diseases 
passes thi'ough the soil and the growing together into an organic union 
of the tissues of the roots is not known to occur, it would scorn that the 
contagium fives for some time in tho soil until it is taken by tho roots. 
It is a matter of doubt whether wounds are essential for the catching 
of the infection. 

Tobacco mosaic is identical with or at least closely related to potato 
mosaic. Tops of mosaic potato plants have been grafted on healthy 
tomato and tobacco, so have tops of mosaic tomato on healthy potato 
and tobacco, and tops of mosaic tobacco on healthy potato and tomato. 
It was stated that the disease always proceeded from tobacco to tomato 
and reciprocally in about two weeks. Spreading from tobacco to potato 
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or vice versa has not yet been observed by the author, but positive results 
were obtained in the grafting of tomato on potato of the variety 
“ZeeuwBche Blauwe” and back to tomato. With two other potato 
varieties, Eigenheimer and Bravo, no interchange occurred. So this 
question has as yet been only partially solved. It would seem that the 
contagium of tobacco has more difficulty in adapting itself to potato than 
to other Solanaceae, and a wide field opens here for experiments on adapta¬ 
tion. At all events, it is clear now that the name mosaic is to be preferred 
for the potato disease and that the term “curl” has only an historical 
value. 

In the case of potato leaf-roll and mosaic there is some irregularity in 
the infection of neighboring plants, some of them giving a progeny which 
consists partly of t5q)ically diseased and partly of healthy plants. Also 
in primarily infected plants, and even in secondarily leaf-rolled plants, 
not aU sieve strands are attacked. This would make us consider the 
contagium rather as a parasite than as a fluid. The same conaderation 
holds good for the infectious mosaic of ornamental Abutilons and other 
Malvaceae. When this beautiful variegation is propagated by grafting 
on the perennial Malvaeeous plant Sida napeae, some of the shoots will 
show the symptoms of mosaic next year, whereas others are exempt from 
it (Lmdemuth, 1907). Phloem-necrosis of coffee (Stahel, 1917), yellow- 
stripe and sereh of sugar cane in Java, which also have been considered 
as degeneration diseases, mosaic of beet (Lind, 1916), peach yellows and 
rosette (E. F. Smith, 1891), the spike disease of sandal (Leslie G. Coleman, 
Mysore, Bangalore), and the Japanese mulberry disease resemble very 
much the potato diseases described here. Schizo Miyake of the Im¬ 
perial Agricultural Institute, Nakano, Japan, will soon publish his in¬ 
vestigations, from which it will be clear that this mulberry disease is 
related to leaf-roll with respect to the phloem being attacked and to 
infectiousness. 

Only the new leaves and axillary shoots are able to assume the symp¬ 
toms of mosaic and related diseases; in other words the contagium once 
introduced into the plant is directed with the flow of organic material to 
the nascent tissues. The fact that this flow passes through the phloem 
strands is most conspicuous in the case of phloem-necrosis, where the 
conducting tissues themselves have been attacked already. How the 
transport of starch from the leaves downward is prohibited by the phloem- 
necrosis is shown in figures 12,13, and 14,^ which give sketches of healthy 
and diseased plants that were submitted in the very early morning to 

^ Quanjer, H. M. Sux la fonctian du tissu oribU. In M^ed. Wagexungen. 
Landbouwhdogesohool, 16:95-104, fig. 3,4, and 6. 1919. 
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Sack’s reaction with iodine. Healthy plants have conveyed all their 
carbohydrates to the tubers, bnt the lower leaves of the secondary <liHO{is('d 
ones arc still full of starch. In this type of plant phlocin-necrosLs proceeds 
from the base upward as the external synipioms do and likewise the 
stoppage in the translocation of starch is most efiicaciotis in th(' basal 
leaves. In the priinai’ily diseased plants a littk* phloem-neerosis is found 
in the upper part of the stalk and the upi>er leaves. Here the starch 
translocation is inhibited, whereas the lower leaves are empty. The 



!Pig. 12, DisTRiBxmoN OS' Stabch in thb Early Morning in Hbalty Potato 

Plant 

It is to be met with only in the tubers 


Pio. 13. Similar Experiment in a Plant with Sbconlaby Lbap~Koll 

The neoroais of the phloem strands, as pointed out by the black hnea in the stalk, 
is most intense at the base. Here the translocation of the starch has almost entirely 
come to a stop, as can be shown by means of the iodine reaction of Sachs, and is 
indicated in the drawing by a black shading. 
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stalk, because of the delay in the transport, has not been able to convey 
all its starch to the tubers. 

In ph 3 rsiology, the old dispute between Hanstein (1860), who supposes 
the carbohydrates to pass through the phloem strands, and Sachs (1863), 
who supposes them to pass through the parenchyma, has never been 
settled. The author’s otservations are strongly in favor of Hanstein. 
Only the fact that the transport of starch from the light colored parts of 
the leaves of mosaic potato and tobacco 
plants is delayed, even without phloem- 
necrosis being present, gives rise to the 
suggestion that some enzymatic disturb¬ 
ance may also take part in the slackened 
translocation of organic food. But the 
tardiness in the translocation of starch in 
the diseased areas of mosaic leaves is much 
less than in the leaves of plants suffering 
from phloem-necrosis. 

Whereas the transmission of dthOT 
. phloem-necrosiB or mosaic to the progeny 
of diseased potato plants by the tubers 
takes place without an exception, the trans¬ 
mission by way of the embryo is rather 
rare; m the case of tomato mosaic it some¬ 
times occurs; m the case of tobacco mosaic 
it is not known to occur. AUard wonders 
what efficient barrier may guard the embryo. 

When we suppose the caiwe to be a para¬ 
site, be it an ultramioroscopic one, it is 
easy to understand that the embryo is pro- 

teotedfrommfeotion. The pUoem strands ^ Ths Sams BipaEiarar 
connect the mother plant with the young 
tuber, but between the plant and the 
embryo this connection is interrupted twice, 
once between the mother plant and the starts m the top and here only is 
endosperm and the second time between the downflow of (sa-xbohydrates 

the endosperm and the embryo. Theem- restrieted. The stalk, beoaiwe of 
, - j , ..r j this delay, has not been able to 

bryo feeds by mSMis of sod can „„„eyaU.ts»taTohtothetubMs. 

only absorb fluid matter. So there is every 

reason to agree with Allard (1615) that the pathogenic s^ent is a parasite. 
That bacteriology has not succeeded m cultivalang the organism is no 
proof that there is no organism, present. 



IN A Plant wits Pbimart 
Ldaf-Eoll 

The necrosis of the sieve tubes 
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The well known hypothesis of senility of potato varieties as a conse¬ 
quence of vegetative reproduction is explauied by the fact that the two 
diseases which have been consklori'd as dogcucration are always propagat<'d 
by the tubers and exceptionally by sexual reprodu(‘tion. This hypothesis 
ha>s been support(‘d also by the fact that planis attacked by phloem- 
necrosis or mosaic are more susceptible to Phyfophthm'a infpslnn.H than 
health}’- potato plants of the same variety. There may be yet another 
reason for the degeneration theory, as the possibility must be admitted 
that the contagia which cause phloem-necrosis and mosaic will gradually 
adapt themselves to varieties which at first were highly resistant. 

True leaf-roll or phloem-necrosis seems to be prevalent in all countries 
where the culture of potatoes has some importance. Until recently no 
data being at hand about its occurrence in France, the author asdeed 
Foex (Paris) to inquh'O into the matter, and was soon informed (1914) 
that it prevailed severely in that country. V. D. Goot (Buitenzorg) 
sent some samples with typical phloem-necrosis from Java, where potato 
culture is practiced on the highlands. Since its relation with the tobacco 
mosaic has been shown, the potato mosaic also must bo widely spread. 

Oortwyn Botjos has shown how from susceptible varieties disease-free . 
(not immune) strains can be isolated; the same method has been applied 
in getting rid of mosaic. By means of selection, satisfactory results 
have been obtained in the province of Frkia in mointaming the well 
known Frisian Eigenheinier, which is susceptible to mosaic. This selec¬ 
tion is greatly promoted by the well organized field inspection service in 
that province. At the commencement of this organization (about 1903) 
only a very crude selection was made by removing diseased “hills,” but 
gradually some farmers have systematically selected the best plants and 
from each of them they bred the progeny apart, selecting from it anew 
the best plant, and so on. Some farmers have had the good fortune to 
avoid the sources of infection without knowing mosaic to bo contagious. 
But now that they have been informed about the modo of dissemination 
of this trouble they are more able to avoid reinfection. 

One of the most important points in the breeding of new varieties from 
the true seed must be to pay close attention to their resistance to mosaic 
and phloem-necrosis. The variation in the asexual reproduction is much 
more limited than in the sexual one; whether it is possible to obtain 
resistant strains exclusively by selection is doubtful. Only when sports 
(mutations) occur, it seems that devia-tions in susceptibility may be 
connected with differences in shape and color of the tubers and growth 
habit of the “vine.” This part of the problem is still in its infancy. 
AasioxrLTUEAi. High School 
Wagbningen, HOLLAim 
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RAISING PHLOEM-NECROSIS AND MOSAIC FREE POTATOES, 
AND A SOURCE OF INFECTION WHOSE NATURE HAS 
NOT YET BEEN ELUCIDATED 

J OOUTWYN BoTJKS 

Phloem-ncerosis and mosaic in potatoes wiU pass from diseased plants 
to neighboring healthy ones. In the majority of cases the infection is not 
observable dm’ing the period of growth, but becomes apparent in the 
progeny, the more so as the distance between the healthy plant and the 
diseased one has been smaller. On sandy soil that was rich in humus, 
infection has taken place at 2 meters distance, and it is probable that 
under certain circumstances it may exceed this limit. 

The above method of infection is the only one that has been demon¬ 
strated with absolute certainty to play a great part. It is true that after 
mild winters the disease has been detected in healthy potatoes that had 
been grown immediately following a diseased crop, but in tins ease the 
infection may have proceeded from volunteers or from gi'owing tubers 
remaining alive in the soil and forming only secondary tubers. 

In my own experiments, where one or two years intervened between the 
two crops, there never was any influence from a preceding diseased crop 
to be detected, so that it may not be of groat practical importance, 
though its possibility must be taken into account. 

Still, while excluding every possibility of infection through neighboring 
plants or prior cultures, infections of the phloem-necrosis and mosaic 
were pointed out in my Adds in the year 1017. The appearance of these 
momentary infections can not be explained, but perhaps they must be 
accounted for by the influence of diseased plants growing at 20 motors 
distance if not more. Quanjer found a close relation to exwt between 
potato and tobacco mosaic. Since this last disease is spread by aphids, 
it is possible that these or other insects act as disease carriers in the 
oases in which spreading has occurred. It is not impossible that plant 
lice are r^ponsible for the greater spreading power tixeic diseases seem 
to have on Long Island than in Maine. Therefore, in rtusing disease- 
free seed potatoes one should bear in mind that diseased plants are sure 
to infect their sound neighbors and that infection may be due to a dis¬ 
eased preceding crop, or the presence of diseased plants at a considerable 
distance. 
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In the raising of seed potatoes one must begin with healthy plants, 
which is difiSiciilt because in most cases it is not possible to detect primary 
infection, though secondary infection may be easily found out. There¬ 
fore, in selecting the plants reserved for seed, one should not only reckon 
with their outward appearance, but also with the relative possibility 
of their being infected. Such plants are to be selected as grow at more 
than 2 meters distance from diseased ones and in a field where the 
diseases if present are not severe. Not all the selected plants are likely 
to prove healthy. Some are sure to produce sick progeny that will infect 
the others if growing too near. Therefore the tubers of each selected 
plant should be planted in a row and the rows should be arranged so as 
to leave a space of at the least 3 or 4 meters distance between them. 
The space between the potatoes in each row may be 50 cm. if <fcnby pro¬ 
ceed from the same plant; if not, a space of 3 to 4 meters should be kept. 
Intervening spaces may be planted with beans, beets, cabbage, or other 
low growth. The crop should be closely watched throughout the year, 
and every irregularity should be noted on a ground plan. If some of the 
progeny of one plant should produce sick plants, all the others proceeding 
from the same plant should be rejected. It is advisable to remove the 
sick plants as soon as possible, in order to preclude “infection at a great 
distance.” 

For culture only such potatoes are used as proceed from plants that 
have produced an entirely sound progeny. Some of them are set aside to 
be planted next year on a nursery plot in the above mentioned way, whereas 
the others are planted on a reserved field for the increase of planting 
material. 

Nursery plots, as well as reserved fields, should be kept at as great a 
distance as possible from other potato fields; they must not be manured 
with stable dung, which might contain potato rubbish, and must have 
been free from potato culture durmg the last two or three years. 

When hoeing the fields or when lifting the potatoes, care should be 
taken that no earth is transported from sick plants to healthy ones. 
The above method of raising disease-free seed potatoes may be applied 
both in case of phloem-necrosis and of mosaic. With both diseases the 
infection occurs in the same way. 

OoSTWOLD, pLDAMBT ' 

Holland 



PHYTOPATHOLOGICAL NOTES 

Phytophthora cactorum {Leb. et Cohn.) Schroeter. This interesting fungus 
was found in September, 1919, attacking the fruits of a pear tree at Kont- 
ville, Nova Scotia. 

H. T. GTJS60W. 

Personals. Dr. Carl Hartley, formerly pathologist in the Office of For¬ 
est Pathffiogy Investigations, Bureau of Plant Industrj"^, has resigned to 
take a position in the Institute for Plant Diseases at Buitenssovg, Java. 
Dr. R. D. Rands, formerly of the Office of Cereal Investigations of the 
same Bm’eau, who went to the Institute at Buitenzoig in 1918, has been 
engaged there in the study of the brown bast disease of rubber. Two 
Swi^ botanists, Doctor Gaumann and Doctor Paravicini, passed through 
the United States some months ago on their way to accept positions in 
the same institution. 

Dr, W. H. Rankin, for five years assistant professor of plant pathology 
in. the New York State CoUoge of Agriculture at Cornell University, has 
been appointed officer in charge, Field Laboratory of Plant Pathologj". St. 
Catherines, Ontario, in the Canadian Department of Agideultme, and has 
entered upon his duties. 

Mr, Emory D. Eddy, who has been engaged during the past year in 
the investigation of diseases of market vegetables, for the Department of 
Agriculture, recently resigned his position to take up commercial work'. 



ABSTRACTS OF PAPERS PRESENTED AT THE ELEVENTH 
ANNUAL MEETING OF THE AMERICAN PHYTOPATHO- 
'lOGICAL society, ST. LOUIS, DECEMBER SO, 1919, TO 
JANUARY 1, mo. 

Recent studies on Septoria of wheat. Eichabd O. CuoMWCLii 
Scptona of wheat m the imperfect stage survives the period from haivest time 
until the rosette stage of winter wheat Pycnospores retamed vitality on leaves of 
the 1919 crop until early in October. Matuic pycnidia were found on volimteor 
and winter wheat seedlmgs as early as October 2 and November 1, respectively. 
Spores were viable on November 10, the date of last test. Artificial infection was 
secured with spores from the 1919 crop and later from volunteer plants. The maxi¬ 
mum and optimum temperatures for germination of pycnospores aio 34, and 24 
to 28''C., respectively. The time for germination varies between twenty-five and 
twenty-four hours, depending upon the stage of maturity and certain other factors. 

Septoria was most readily isolated by using material which had a large percent¬ 
age of the spores in condition for rapid germination and growth. On potato agar 
the young growth is disciform, mucose, and pink to lilac; later it is restricted, mucose 
to waxy, and pink to dark gray. Durmg the first thiity days mycelia are meager, 
and spore like (pionnotes like) bodies abundant. These bodies, resembling pycno¬ 
spores in size, form, and septation, function in producing artificial infection. Old 
cultures are composed entirely of short, swollen, ohlamydospore-lxke cells. On 
sterilized wheat straw pycnidia become visible in eight days. 

An epidemic of Fusarium blight (seed)) of wheat and other cereals. A. G. Johnson, 
James G. Dicjkson, and Helen Johann ' 

An unusually severe opidemic of Fusarium blight or scab occurred on both wmter 
and spring wheat during the past season Bye, oats, and barley were also aitacked. 
The disease was particularly severe in the Mississippi Valley and eastward. The 
winter wheat throughout this area was universally attacked, infection ranging 
from a trace to fifty per cent. The spring wheat, particularly whero planted in the 
wintoi-wheat area, was infected unusually heavily. In numerous cases large fields 
of Marquis wheat were left unharvested because so badly blighted. 

An extensive survey over fifteen states, correlated with an intensive survey over 
nine states in the winter-wheat area, brought out some pertinent facts with refer¬ 
ence to the epidemic. A careful study of over one thousand specimens collected 
in the fifteen stales showed Gibberella saubinetn ^Mont.) Sacc. to be the chief causal 
organism. Loss than 1 per cent of the spooimens pelded Fusarium culmorum (W- 
Sm.) Saco., F. avcnaecivjn (Fr ) Sacc , and other Fusarium species. The highest 
infections occurred where wheat followed com or wheat in the rotations, or where 
old grass refuse had been allowed to accumulate in fence rows and field margins. 
The abundant presence of the parasites and the moist, warm weather following the 
blossoming period of the grain favored development of the disease. Detailed in¬ 
vestigational work is in progress on various phases of the problem, including control 
measures. 
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The effect of temperature and light on Fusarium sp. causing whiat scab. Juvn 
MacInnes 

An investigation was made of the effect of temperature and light on the species of 
Fusarium commonly causing wheat scab m Minnesota. Repeated trials show lhat 
the Tnir)iTmiTn temperature for giowth is approximately 5°C., the optimum near 
26‘’C., and the ma'giTmTm between 30 and 35“G. Field experiments showed that a 
greater percentage of wheat heads became scabby when the temperature at the 
time of their emergence from the sheath was about 76“F. (24.4"0.) than when the 
temperature was lower. Apparently high humidity is conducive to the development 
of the disease. 

Both diffuse light and simlight injured the viability of spores. Only about 1 
per cent of the spores from scabby heads which were exposed all wmter to light 
either outside or indoors germinated in the spring, while the spores from heads 
which had been kept in the dark germinated readily. The average percentage of 
germination of spores kept in the dark outside was nearly twice as great as that of 
those kept in the dark inside. 

Foot-^ot of wheat and its fungous associates, F. L. Stbivbns 
Foot-rot of wheat as found in Madison County, Illinois, is described in general 
and histologically and the more significant fungi associated with this disease are 
discussed. 

Th£ resistance shown by three bard winter wheais, Kanred {P762), P1066, and P1068 
to plant diseases. L. E. Mbushebs 

Various publications by J. H. Parker and the writer have called attention to the 
resistance of these wheats, products of the Kansas Experiment Station, to stem rust 
(Puccinia graminis tritid). Their use as differential hosts for physiological testing 
o£ rust strains is quite outstanding. Unpublished data conclusively show that they 
are resistant to leaf rust in Kansas. No statements are ventured as to whether the 
leaf-rust infection during six years observations was caused by one or more biologic 
strains. The field behavior of Kanred throughout Kansas the past season to the 
leaf and stem-rust epidemic was striking. This is especially interesting because of 
the great commeroial value of Kanred. 

0. E. Owens, of Oregon, states that in an induced epidemic of stripe rust, 3919, 
thwe varieties remained free of rust at all times. Their resistance to stripe rust 
in the field and greenhouse, however, has not been constant. E. 0. Stakman has 
stated that all three varieties are only slightly susceptible to Puednia graminis 
tritid-eompacli. This marked resistance is not maintained, however, for aU bicir 
logic forms of stem rust. F. D. Heald has unpublished data which show that 
Kanred shows resistance to stinking smut of wheat when compt^red with other com¬ 
mercial varieties. Kanred is also showing resistance to other diseases in varictjvl 
tests, but specific mention of these is being withheld for the present. 

The resistance of Kanred (JP762), PlOee, and PIOSS, three hard winter wheats, to leaf 
Lao B. Mbmjhbrs and John H. Pesxi-m 
Careful observations the past six years have shown that these varieties are mark¬ 
edly resistant to leaf rust under Kansas conditions. The average percentages of 
leaf rust for these seasons were consistently low, 9.5 per cent in the case of Eiinred 
(Q. I. 5146), 6.2 per cent forP1066 (C. I. 6879), and 6.7 per cent for P1O08 (0. I. 
6^), I^eaf rust as it occurs in Kansas, however, may or may not show the same 
biologic specialisation as the leaf rust occurring in other regions. 
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A severe epidemic occurred in the state the past season, some wheat fields being 
plowed up because they were so severely injured. Approximately 50,000 acres of 
Kanrcd were grown in 1919. About eight hundred fields, belonging to 572 growers, 
were inspected, those fields being located in forty-six counties in different parts of 
the state. The percentages of leaf-rust infection in all these Kanred fields were 
strikingly uniform, ranging from 8 to 10 per cent. Adjoining fields of Turkey and 
Kharkov, commonly grown varieties, showed from 20 to 100 per cent leaf rust, the 
majority approaching the latter figure. "The varieties P1066 and P1068 are not 
being grown commercially, but showed even more resistance than Kanred at the 
Experiment Station. ^ 

The development of loose smut of wheat as modified by soil fortuity. F. D. Fbommb. 

In a series of field plots subjected to continuous wheat cropping with varying 
applications of fertilizers, the percentage of heads affected with loose smut iUsiilago 
tritici) varied according to the degree of soil fertility .maintained. The highest 
percentages of smut are found in plots of low fertility, and vice versa. Similar ob¬ 
servations were made in connection with stinking smut {Tilletia laevis) in green¬ 
house plots. It seems probable that these variations are due to the total or partial 
elimination of the smut fimgus by the greater vigor of the growth of the plants on 
the more fertile soils. 

Relation between soil moisture and bunt infection in wheat. Ohab. W, HmoBBiPOBD 
ANn A. E. Wadb 

Field observations during the last four years in Lewis County, Idaho, which is 
in the area where soil infestation by bunt is common, have shown a close relation 
between the amount of bunt on winter wheat and the amount of moisture in the 
soil at the time of planting. Observations have been made in a number of fields 
of wheat where seed from the same lot was sown before and after a rain. Only a 
small amount of bunt was found in the portions of the fields sown in rather dry soil, 
which contained, in most oases, close to the minimum amount of moisture necessary 
for good germination of the seed. On those fields those portions sown after it had 
rained contained in some oases over 30 per cent of bunt. 

During the past summer the following experiment was carried on both on the 
Experimental Farm of the Agricultural College at Moscow, Idaho, and at Nozporco, 
in Lewis County, Idaho. Six large soil containers were filled with soil containing 
different amounts of moisture varying from saturation to less than enough to cause 
good germination of the seed. The soil was heavily smutted and the seed was cov¬ 
ered with viable spores of Tilletia triiioi. ‘ 

The following table gives the results of tho tests: 

At Nezperce, Idaho At Moscow, Idaho 

Swat Smut 

Soil Moisture ptreeni BoU Moisture percent 


7.7. 

. 0 

7. 


15 . 

. 7 

12. 

. 0 

20 . 

.26 

17. 

.26 

24 . 

.27 

21. 

.30 

36 . 

. 62 

26. 

. 68 

38 . 


38. 

.100 


This work is being repeated in both greenhouse and field and under more accurately 
controlled conditions. 
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Experiments on the control of stinking smut of wheat. G. H. Coons 
Samples of wheat of seventeen varieties, heavily dusted with Tilletia Inevis and* 
Tilletia tritici, respectively, in September, 1917, wore planted in 1918, and gave in 
1919 yields free from any trace of Tilletia tritici, but with abundant Tilletia latvis 
infection. Striking differences in the amount of smut duo to Tilletia latvis wore 
evident in the series, certain wheats, such as Little Club and Zimmerman, showing 
60 per cent or more of smut, while Turkey P889, Turkey P1038, Nebraska Ilybnd, 
and Fultz showed 4,4, 2, and 0 per cent respectively. In many oases the stand was 
sharply reduced in the smutted series, the reduction being greatest in those varieties 
showing most smut. 

Best smut control was obtaiAed with heavily smutted Red Rook wheat by the 
*‘soak and skim” method, using 1 pint of formaldehyde to 40 gallons of water, no 
trace of smut appearing in the plots. In sprinkling experiments, using the same 
solution, if the grain was sprinkled until wet and covered four hours, control was 
perfect. With less time of covering or with only 1 quart of solution to the bushel 
control of smut was poor. 

The “dry” treatment, using 1 pint of formaldehyde plus 1 pint of water to 60 
bushels of grain, gave perfect control. Lesser amounts of formaldehyde and 
greater dilution with water gave poorer smut control. 

Slight injury to stand seems incident to any formaldehyde treatment, but unless 
covering is long or strength of solution excessive this effect is compensated by the 
growth of stalks. The utilization of a follow-up spray or dip of ammonia to neu¬ 
tralize the formaldehyde by the formation of Hexamethylene tetiamine is suggested. 

Evidence of disease resistance in barley to attacks of Bhymhosporium , A, G. Johnson 
and W. W. Mackie 

The disease of barley and rye caused by Rhynchosporium secedis (Heinsen) Davis 
has been noted in limited amounts in the upper Mississippi Valley for a number of 
years. In this section the attacks have been, on the whole, rather scattered and 
only occasionally severe. In certain sections on the Pacific coast, especially in 
California, this disease has been more severe, particularly on barley. Differences 
in susceptibility of various barley varieties have been previously noted by others. 
During the summer of 1919 the writers, in examining a large series of barley varie¬ 
ties growing at Davis, California, noted what seemed to bo evidenoo of disease re¬ 
sistance in only two varieties in the entire series, all othem being heavily attacked. 
These were three diflfereat selections of Teimessee Winter and one seleotion of 
Mariout. Other selections from those same varieties grown in adjacent rows in 
the same series of plots were heavily atte,cked, as were all the other varieties. 

The jnerpls sheath spot of corn . L. W. DubhbiiIi 
C om is universally affected by a disease producing purple blotches and spots on 
the leaf sheaths. This was early attributed by Burrill to bacteria, which in the first 
part of the season also caused a dwarfing of certain plants in the field. The spots 
are eodiemal manifestations of necrosis of the tissues on the inside of the sheath. 
They appear only after the fall of the poUen and late in the season arc present on 
practically every com stalk. 

Over the diseased areas within the sheaUis are to be found great numbers of dead 
pollsaa grains and pollen sacs that have worked past the ligule and into the moist 
enriosvire pf the sheath. These pollen grains and saos act as media for saprophytic 
organisms, which later enter the sheath tissues. Sugary secretions of aphis may act 
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in a similar way. The exclusion of pollen and aphids from the leaf sheaths has been 
found to eliminale the spot. On the oilier hand the introduction of pollen or ijollen 
sacs exposed to spores of various molds and other fungi produces the spot. The 
introduction of mycelium or spores of these fungi however has no effect unless accom¬ 
panied by a small bit of agar. Sections of sheath spots show stomatal invasion by 
fungi and bacteria, prior to necrosis of the tissues. 

Some results of corn root rot work in Ohio. W. G. Stoveb 

In cooperation with farmers in several comities, seed corn was tested for germi¬ 
nation, each lot being divided into several groups and planted on the farms. In 
September no difference could be seen between the various groups except in one 
instance. In this case the group planted from ears which showed Fusarium-liko fungi 
in the germinator was much poorer than the others. In several cases an applica¬ 
tion of manure or nitrate of soda resulted in a great improvement in the appearance 
of the corn in all the groups. 

Two hundred and eleven ears wore tested a second time and planted in separate 
rows. The average yield of the rows planted from ears free of Fusarium-like fungi 
exceeded the others at the rate of more than 4 bushels per acre. Data wore also 
collected on the relative numbers of ears, nubbins, and barren stalks in those rows. 
There was a marked variation in the results of the two germination testa. 

Corn root and stalk rots. ,J. R. Holbert and G. N. Hoffeb 

Corn generally is more or less affected by root and stalk rots. In the principal 
com growing sections the losses resulting from those diseases range from traces to 26 
per cent and more. The symptoms so closely resemble and are so intimately 
related to the effects of drought, low fertility of soil, poor drainage, insect and frost 
injuries that their diagnosis is sometimes difficult. Probably the greatest loss duo 
to these rota is caused by using infected seed. Many kernels from badly infected 
seed ears either do not germinate or produce seedlings that die before reaching the 
surface of the soil or soon afterwards. Other infected kernels produce chlorotic 
and blighted seedlings and stiuitod stalks. This early retardation of growth of 
infected seedlings is responsible for much barrenness and many nubbins. Badly 
infected kernels and seedlings may cause a secondary rotting of the roots of other 
seedlings and plants in the same hill. Com that is planted in infected soil may 
become infected later in the .season. These secondary infections also cause a retarded 
growth and subsequent barromiess and nubbin production. Other symptoms result¬ 
ing from secondary infections are loaning and down stalks, broken stalks, broken 
shanks, wilted plants, and prematurely dead plants. Secondary infections may 
cause barrenness, duo to the abortion of the reproductive parts. Ears borne on 
infected plants are usually more starchy in composition than ears borne on healthy 
plants. Such ears are unsatisfactory for seed purposes. 

The pathogenes are chiefly species of Fusarium and Gibborella. The common 
wheat scab organism, Oibberella savJbinetii (Mont.) Sacc., is probably the most 
common pathogene responsible for much of the root and stalk rotting of com plants 
in the Central States. 

The most successful control measure that has been developed so far is the selec¬ 
tion of seed from healthy, vigorous plants that show no evidence of disease upon 
germination, culling out by physical selection those ear types that have been found 
to be more susceptible to these troubles. Breeding experiments are being con¬ 
ducted to develop resistant strains and varieties. 



56 


PlIYTOPATJlOLOdY 


iVoL. 10 


I Iron accumdalian and wobiKiij in dimmul cornalalkH. G. N. IIo1'’1'’kr R. IL 

Carr 

Tbp inlernal \ isftiioH of ('uch undo in i\ corn slalkcan bo (lilToronI lalod into t^\o zones, 
llic upi)er, Zone A, fimcliouiiif* in siaroli accuinulal ion ami (lie {»rowlli of llio inlt'r- 
nodos, and the lower, Zone B, wlu'ro Iho fibiovascular biiiHllos branch lo fonnllu’ 
bundles extending into the roots, leaves, and husks of the ears. 

Iron and other inotallic bases accumulate in organic eoinbinalions in Iho Zone B 
tissues, &'st in the phloem cells, and later in the walls and lumina of Iho zylom olo- 
ments. The central bundles of the lowest nodal tissues in the stalks are the first to 
accuinulalo iron compounds in greatest quantities. The ainonuts which aceuimi- 
latc seem to be directly related to the premature djdng of the lowest leaves. This 
phenomenon is commonly reforred to as "firing.’^ 

When the corn stalk show the effects of malnutrition and the symptoms of root 
rot infections, the Zone B tissues are frequently brown to hrowiiish-puiplc dis¬ 
colored. Iron compounds are invariably ])resent in larger quantities, as deler- 
miuetl by chemical analyses, and oxidase and catalase netivities are greater in the 
nodes of infected stalks than iii those of normal healthy stalks of the same age in the 
same soil. Aluminum and mniigancse compounds have also been found in greater 
quantities. 

The H-ion concentration in the Zone B tissues approaehes neutrality (])IT = 0.2- 
6.8) in the stalks showing the disease symptoms of root rots, whereas in the normal 
stalks the concentrations approximate those of the interiiodal tissues (plT = 4.0- 
6 . 2 ). 

By testing stalks showing various symptoms of malnutrition and infection by 
root- and stalk-rot organisms, it was found that water, colored slightly with 
methylene blue, was not conducted in the vessels in the nodes which showed the 
largest accumulations of iron in them. Healthy stalks would always liavo prac¬ 
tically all of the vessels functioning. Cross sections of the bundles in the Zone B 
tissues of healthy and diseased stalks show varying quantities of iron eompouiul 
deposits in them, the greater quantities aiqiearing in the bundles of dLseasod stalks. 

It is believed that the metallic bases, with special reference to iron, are respon¬ 
sible for causing changes in the normal functioning of the Zone B tissues, first, in 
the translocation of carbohydiatcs from tlio leaves to the stem and roots by the 
])hloem clomonts, and later in the conduction of w'ater and mineral nutrients in the 
tiauspiration current. 

If iron compounds arc present in seedlings in supra-oiitimal quantities lilioy will 
be noticed 6rst in the lowest Zone B tissues, which are loeat.ed at the distal end of (lie 
mosocotyl. When this accumulation occurs very early in the life of the young 
plant it is associated with a retarded gro'wth of the plant. 

Com plants with the upper loaves chlorotic are charaotorized by low H-ion con¬ 
centrations and contain immobile iron oompouiids within them. The Zone B t jHHuo.s 
at the bases of the chlorotic leaves give no reaction for tho prosGiice of iron, whoi’cas 
in the lower tissues iron compounds can be found. No tendency toward chlorosis 
was found in any of the stalks which had a relatively imiform H-ion concentration 
4.(}~5.0 in the Zone B tissues. The rates of growth of young plants and 
the degi'ce of chlorosis may be delormined by the relative abilities of tho plants to 
develop and maintain a sufficiently high H-ion concentration to keep tho iron com¬ 
pounds mobile as occurs in normal green plants. 
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11. Experiments to test effects of iron salts on corn plants. G. N. HoyFjiiB and R. II. 

Carb 

In order to test the capacity of the Zone B tissues of healthy corn stalks in tbo 
field to accumulate iron and other metallic bn so compounds, 0 5 per cent, 1 per cent, 
and 2 per cent solutions of iron sulphate, iron chloride, iron citiato, iion carbonate, 
iron nitrate, dialyzed iion, copper sulphate, aluminum chloiide, and aluminum 
sulphate wore used. Puncimos were made in the internodal cortical tissues just 
above the upper nodes beaiiug roots. The solution were introduced through glass 
tubes insoited in the stalks. 

The ferrous sulphate solutions weie veiy active in affecting the Zone B nodal 
tissues. Catalase and oxidase actions were gieatly increased. The tissues became 
brown and dismtegiatcd, the leaves wnlted and fired, and pieinaturo death of the 
stalks resulted. The nodal tissues were heavily laden with non compounds ^nd 
presented an appearance similar to those of infected stalks. Approximately 25 cc. 
of a 0 6 per cent solution mtioduced mto healthy stalks 6 to 8 feet high piovcd 
effective. The effects of the treatments were similar to those observed in stalks 
affected by root lots. 

The ferric salts of equal concentrations and quantities were cither less effective 
or had no apparent effects whatever. Fei*ric citrate, howevei, in a 2 per cent solu¬ 
tion darkened the bundles and caused a wilting of the leaves. In all cases the ferric 
salts stimulated oxidase and catalase action, but not to the same degree as the 
ferrous sulphate solutions. Potassium sulphate in a 2 per cent solution had no 
noticeable effect in tlie same period of time. Dialyzed iron was not appreciably 
absorbed.* 

Aluminum salts in equivalent concentiations also stimulated caialaso and oxidase 
action in the Zone B tissues. Copper sulphate m a hundiodth normal solution was 
very toxic, both the Zone A and Zone B tissues of the nodes ivoro destioycd. The 
copper compounds could be detected in quantities hi both sets of tissues. 

Check plants supplied with water or with nutritive salt solution in equivalent 
concentrations showed no harmful effects from the tieatmcnt. 

Correlation of early growth, vanatton and productivity of maisc us infliiencid by c<itain 

pathologic factors. J. R. Holburt, Jambs G. Dickson, and 11. Howard BiifOAR 

Inoculation experiments were conducted during the season with Funk’s Ninety 
Day corn selected from apparently healthy plants and diseased plants. The cars 
differed in thoir disease reading on tho geimmator. They woie used in oai-to-row 
plots on soil that had not groivn coin for the previous twelve years. In each low 
aliemato hills wore inoculated at planting time with GibberdUi saubinelii (Mont.) 
8acc. fiom wheat. In the inoculated hills germination was lowroied, early growth 
retarded, relative vigor through the season reduced, storm resistance decreased, and 
aveiage grain production lessened. The plants in the tminoculated hills planted 
with apparently diseaso-free seed from healthy plants remained normal. G. saubi- 
netii was readily recovered from the diseased plants in the inoculated hills, especially 
during tho seedling period. * 

Plants, strong or weak in the early stages of growth, had a tendency to retain 
this relative vigor throughout the season. Aveiage grain production was directly 
correlated with rate of early growth and early vigor. Seed selected from ))rema- 
turely npo plants, but showing no evidence of disease on the germinator, lacked the 
ability to compete successfully with tho disease-free seed aeleotod from plants 
maturing normally. Apparently disease-free getminating oars selected from 
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healthy, vigorous plants pioduccd pUuts that had x raoic lapid caily giowth, mtno 
storm resistance Ihioughont the s( xson xnd i highu avciigi pioduction 

than discxsed tjCimmxtmg eais siiml'iily s(k<lcd 

Apple hli^tci cat) 07 W 0 Gloyi ix 

Che following conclu ions have bien icxched if In seven yi ns stnely of the 
blistei oankci (1) Ihc cankci caused bj Nt tnmiil via 1 \( / 1 1 nl is not is unimtt int 
economically in New Yoik xs m the middle west (2) 1 he hm,^us is in ne le Ine ly 
paiasitic on Sorbus thin on Malus (3) loims vxiyin^, in ])ithevenieity end tul- 
tmal charaeteis sufficiently to be called vai it ties oi stixms lit pioelueedb'v vnying 
the substiatum upon which the paiasite glows (i) It nu^ hr ictive in Hu wood 
an^ -yet show but little cxnkci foimxtion (5) Iht pusen e of the fimyis in the 
wood IS one cause of slimt flux (6) Cxnkcismay tnlaiy xl uj> time between eixily 
spiing and late lutmnn Ihey cnlxige slowly dmin,, penexls of diought xnd 
become moicactuc xftex lams follownij, a ihoUp,ht (.7) She 11 xe ieillowe d b-y ee il t ii 
was iound to be the most sitislxct ie)\e.iuit, foi piunitirt wemiuls (S) Iht eov- 
enng is not the oontiollmg fattoi ui the he xlmc, ol a e nil end wemnil (9) Ihc 
phjsiologual condition nl the host deliimmts tlu ittixily ol Hu pu isile (10) 
Paia&itism is complov iiid cm not be measmed in te ims of pfitcidigo ol watci 
content oi the wood as indicated by Munch 

A fielvninaiy epo7t 07i appli scab vul 7h lontiol in Wi (irsiti 0 W KiJii 
Duimg the past sc xson, the di&ch xij,c ol xscospenes ol \ < i f im ina q uil s (( k( ) 
Wint WX5. caielullvfollowedatMxdison xndat Siuiyon Bxy MMxelison il begin 
on 4pul 20 and ended xbout Tune 7 'Ihe he xviost disc hxi „cs ot emu el pi leji to \1 ly 
8 Ihc blossom buds did not sepaiate in the elusicis until xbeiut Mi> ll-lS the 
time \aiymg with a xi ictus 

4.t btuij,cou Bay the hi si xscospoie disehxige wisnot d mMa\15 xnd the Ixst 
on Tune 10 Ihe hexvust dischxiys oceuiied puoi to Miy 2> llu bleissom buds 
did not sepxiatf m tin eliistcrs until about Mx^ 2b oO 

it Stmgeoi Bx on ecitimbaeUx stabbin^ vxiutus him sulpluu xml Uoi le iu\ 
mixtuif inltel to e intieil se ib silislaetoiih when ap]lnel eonipxi line lx le iiel- 
ing to fhe s( 1 lel xul f )UT pi xx se he ehile (xlMx'yib^T is eioii is the bleiss mi liuels 
aep 11 lit el bt foil blooming Hi) Tune 1 >, when tine e fouiths of Hu pet il weieoll 
(o) Time IS 10 and (el) August 20 ihe xdditmn to Hus sehedule eil in xppluiUum 
on Mxv lO 17 seion ifte i the blossom buds bee imt i\posctl m Hu clusttis, ltd to 
exctllint routiol 

of ‘ipiai/ j ij the aj f If fir) latch m Oh o in im W Q Saoxi n. V TI Bi xe ir 
H PX1U.S 

Spraxmg Cle?imont C eumt^ oithauls m Wlb at thict weeks inteivals follovying 
petal fall gaxe le^s thiu lO pu ctut maiketibk ftuit Ihrte ayipluatums of Koi- 
deaux mixtmc m lOlQ m stxeral e mi tics it mtenals of two weeks followed by an 
adelitional application in July gxxc wi ivcrige if oxer 00 pei tent mxiket ible 
fruit Unspray ed ti ees in the same oi ch ti ds gave less th xn 10 pt i e ent mat ke table 
fruit m the blotch aieas Sprayed tiocs boie more fiuit and their apples vitit laigor 
as a rule than those from unsprayed tie os No trees wore spiayod on the thuc- 
WBeks schedulo in these trials 
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A stem disease of tomato caused hy Macrosporium solani E. & M. Joseph Boseh- 

BAUM 

A stem disease of tomato plants was found doing considerable damage the past 
season in Delaware. The disease has been found on all ages of plants. Affected 
stems, at the point whore they emerge from the surface of the soil, are dark brown, 
shrivelling up with ago, and a girdling effect is produced. 

Numerous isolations and mooulations establish the fact that a fungus belonging 
to the genus Macrosporium is the causal organism. 

Comparison of this Macrospoiium wore made with M. solani from potatoes and 
with Manobporium cultures isolated from typical "nail head” spots on Florida 
tomatoes. Those comparisons show that the Macrosporium discussed here is dif¬ 
ferent from the one isolated from the “nail head” spots from Florida, in that the 
former is unable to produce infection on unmjured green fruit, as well as diffeiing in 
cultui 0 and morphology. It resembles M. solani from potatoes in the kmd of lesions 
produced when used for inoculation on fruit and stems, and in morphological char¬ 
acters. It should therefore be referred to as Macrosporium solani E. & M. 

Field tests with strains of wilt-resistant tomato seed in 1919. J. A. McCmntock 
Strains of seed from wilt resistant tomatoes from various sources were tested on 
a heavily infested piece of soil at the Georgia Experiment Station in 1919 and no 
strain proved sufficiently resistant to grow throughout the summer. 

Strains of commercial peppem and eggplants grew and fruited throughout the 
summer on the same infested soil. 

The A Iternaria fruit rot and Bhizoctonia Stem rot of tomatoes. Meb. T. Cook 
This rot appears in three foms: (a) following the infection of cracked fruit, (b) 
following the infection of sun burned fnut, (o) nail head spot on gr^en fruit. This 
papers refers especially to the second. Most of the sun bum is due to a loss of 
foliage following attacks of Sepioria lycopersici. The fruit is most susceptible to 
sun bum just as it begins to color. The exposed surface becomes yellowish instead 
of red. This yellowish area begins to freckle with brown spots which onlaigo, 
become black, rupture and show masses of spores. Cultures from youngest spots 
gave no growth but as the spots increase in age and size, it becomes easier to get 
growths. 

• The stem rot which was very prevalent in South Jersey in 1919 was due to Ehizoc- 
tonia attacking the stems at the surface of the ground. Tho disease evidently 
starlod in the seed bed but continued in tho field causing heavy lossod. This same 
condition was found m one field of cabbages. 

Spacing tomato plants for field spraying. C. E. Temple 
It has been found from experiments extending over four years that the rows of 
tomato plants must be set approximately 6 feet apart in order to spray with large 
machinery without great loss from mechanical injury to the plants. On the other 
hand, the plants may be set close enough in the row to obiain the usual number 
per acre without loss from over-crowding. In Maryland the most desirable spacing 
for spraying purposes is three feet by six feet. Other advantages from this method 
of setting are; That cultivation may be continued later in the season than usual to 
conserve moisture, that a cover crop may be planted at any time without injury to 
the plants, that the plants mterlook m the row so that they are not tossed about by 
the wind as much as when chocked four or five feet each way, and that tho crop may 
be harvested and hauled from the field without trampling the vines. 
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Tomato spi'ayinq experiments for the control of Septoria, C. E. Tbsmplb 
D uring the pa&t four years an attonxpt ha,s been made lo devise a practical and 
effective method for contiolling the Se])toria loaf 8pol of tomaloos under fiehl con¬ 
ditions. More than 200 acres of tomaloos woic divided into plots and used in theso 
tests. As a rule every third plot remained untreated as a check. On the other 
plots both liquid and dust sprays were used and these were applied in almost every 
case by traction or gasoline engine machines. A large number of spray fonnulas 
were tested, but the blucstono liquid sprays, both with and without rosin oil soap, 
were the most promising. Those sprays were run in series to determine the most 
profitable number of applications to apply and also to determine the quantity of 
spray material to use. The foimulas were applied at the late of CO gallons and 
100 gallons per aero to determine the most economical quantity needed for tho con¬ 
trol of the disease. The results were variable, rangmg from no mcrcaso in produc¬ 
tion in a few cases to moic than 100 per cent increase in otlicis. Tlicrc was, how¬ 
ever, usually a substantial inoi ease over the checks whcicver at least four applica¬ 
tions of a Bordeaux or a Bordeaux soap weie applied. 

Efect of straw mulch on potato leaf roll. W. O. Gloyek 
In 1918 plots of Sir Walter Raleigh potato on clay loam wore covered with 3 inches 
of short straw while others weie cultivated. When in bloom Iho leaf-roll plants 
were rogued and 267 hills in tho mulch and 611 hills in tlio cultivated jilots showed 
11.6 and 11.4 per cent respectively. On the mulch plots tho plants wore of ayellowor 
tinge, were killed earlier by frost, and had larger and flatter tubers tlmii did tho 
cultivated plants. The yield per plant averaged 630 grams in the fonnor and 603 
grams in the latter. 

In 1919 the highest yielding hills from these plots wore planted as units and given 
normal cultivation. The 197 hills from the mulch and 78 hills from tho cultivated 
plots showed 59 and 28 per cent of loaf roll, respeotively. In some units thei’o was a 
tendency of the smaller tubors to produce disoase-freo plants. Conclusions: (1) 
Mulching did not overcome tho infectious nature of tho disease; (2) in badly diseased 
. fields even tubors of the healthy-appearmg and high-yielding plants are unsafe for 
seed. 

S'\dfur experitnenis for the control of potato scab. Wilwam II. Martin 
Sulfur was broadcasted at tho rate of 300, 400 and 000 poiuuls per aero just before 
planting. The 300 pound applications gave approximately as good results as tho 
larger amounts. There was a marked increase in salable primes from tho sulfur 
treatments. 

Soil samples were taken at the start of the experiment and again when tho crop 
was dug and the hydrogen ion concentration of the soil extracts determined oolori- 
metrically. The samples examined before tho sulfur applications wore made wore 
found to be slightly acid. An examination of tho soil extracts from the 'different 
plots at the close of the experiment showed marked changes in hydrogen ion con¬ 
centration. The untreated plots remained unchanged while there was an increase 
in acidity (decrease in exponent) where sulfur was applied at the rate of 300, 400 
and 600 pounds per acre, the mean for the plots being 4.9,4.9 and 4.6 respectively. 

The 1919 survey for potato wart. Q, R. Lyman 
During the past season the Plant Disease Survey, in cooperation with the Fed¬ 
eral Horticultural Board, conducted an extensive survey in an effort to determine 
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the geoftraphical disinbution in the United States of potato wart, which was dis- 
oovoicd in the autumn of ItllS m a laige area in the ncighboihood of Hazleton, Pa. 
liiimonise cpianlitics of Huiopean potatoes, some of winch may have boon affected 
with wait, woie imported before the imposition of the Federal Quaiantine in 1912 
and were distributed very widely. Hence the greater portion of the United States 
was under huspicion of harboring the disease, chpecially home gardens in cities and 
in other districts which aic not in close touch with modem agiicultural methods and 
workers. On twcouut ol the immcuse area to be covered in a shoit time with lim¬ 
ited funds, the Plant Disease Survey endeavored to onlisi the inteiest and assistance 
of as many helpeis as possible. This effoit was conspicuously successful and iho 
survey w as inaikcd by the hearty and effective coopciation not only ot the Survey’s 
collaboratois, but of growers and useis of potatoes geneially. Wart was found in 
small amount s in six villages in wmstein Pennsylvania and in two villages in northern 
West Viiginia, all being in the soft-coal section, except one of the West Virginia 
localities. Apjiarently no other extensive aiea ol infestation exists at all compaiable 
to the Hazleton drstnet, but undoubtedly there are other undiscovered isolated 
points ot infestation in regions out of touch with modern agriculturists. These 
can be brought to light only by further intensive survey. 

Wood~<lpsttoying fungi in pulp and paper mill loofs. R. J. Bla.ir 

When the loof of a paper mill is built of W'ood moisture in the air permits the 
development of wood-destroying fungi in the timber. Rapid rotting takes place 
and it is often necessary to renew the timber after six or eight years’ service. The 
roofs of eighty of the Canadian paper mills have been examined to find the different 
types of construction used and the services sccuied from each. The common faults 
in eveiy case are that moisture outers the spaces between the planks and loaches 
thoir upper side, whore it condenses, causing a moist condition of the planks dm mg 
prolonged poiiods and at the same time the wood is of a non-duiable species. 
There is no evidence that other species of fungi than three of those mentioned last 
year m connection with the cotton null roofs, Lentodium tignnum, LmsHes tiabown, 
and Poria xantha, cause tho.so losses. 

The remedy for such timber decay lies in a comhination of four factors, which 
need consideration when the roof is being built. These are the use of wood which 
resists decay, ventilation w’luch cariies away the moisture, liberal dry-air heating, 
and a heat-insulatmg layer placed on the upper aide of the planks. 

Bind nud of Brmil nuts. E R. SrifiNi’ER 

IJra/il nuts aie ficquently affected by a fungus disease that is not noticeable until 
the nut s ai 0 shelled The kernel is covered by a black mycelium, w’hich destroys the 
outei cell layers. 

On coinmoal agar the iungus gi'ows well but slowly. A greenish black thallua, 
which produces very lew, hairy, globo.so pyemdia alter several weeks results from 
a direct plant mg 

The conidia arc at first hyaline and single celled, but later become two colled and 
dark, with conspicuous stiiations. The spores arc about 21 by 13 m. 

Leaf happen and hoppetburn of potato haves. J. E. Kotila 

During the summer of 1919 experiments were performed to ascoitain whether or 
not Lip bum of potato leaves was caused by leaf hoppers and to determine If 
aphids had a similar effect. Data obtained from these experiments are tabulated 
below. 
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Effect of leaf hoppers 07 i potatoes 



Field experiments, Upper Poninbula Exporiineut Ktnliou, Olmtlmiu, Mifilvignu 
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Greenhouse experiments, Michigan Agricultural College, with potted potato plants 
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♦ Cages were set up July 9 before plants broke througb soil and wore of sufficient 
eijse to cover two hills. No insects on plants prior to date loaf hoppers or plant lico 
were introduced. t Sprouted tubers were potted on this date. 


The results obtained from the above experinaents are in accord with those ob¬ 
tained by Dr, E. D. Ball in 1918, report of which was published in Phytopathology, 
9} 291-293, July, 1919, and confirm his conclusions that the potato leaf hopper is 
responsiblp for the injury to potato leaves known to pathologists as “Tip Bum,” 
but which he more aptly terms “Hopperbum.” 
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The rcidui^n of soil t<7fipeMturc and soil imisture to the occurrence of cabbage yellows. 

W. R I'rSDALB. 

Tho ivisiilts of greenhouse exporimeuts with cabbage seedlings grown in “sick” 
.soil Ireid a1 consinnt tempnaturc for twenty days show that yellows does not occur 
below IT^O, or above 34°, the optimum temperature being 25° to 2S°C. This range 
compares favombly with the growth of the fungus {Fusaimm conglutinans) in pure 
cnlturo. Soedlmgs of the lesistant cabbago strain, Wisconsin Hollander, aic rela¬ 
tively susceptible until (hoy are at least thirty days old. These lesuHsaie sup¬ 
ported by field trials on “sick” soil at Jhaeine, Wis., during the seasons of 1917 and 
1310 Oontuinous soil temperature records have been secured and correlated with 
'Iho occurrence of tho disease both in the regular field ciops and in seedlings from 
successive iilaiitmgs made at various intervals The mcubation period varies 
from one ilay at optimal temperature to sixteen days at 17°C., tho time being* 
reckoned horn date the soedlmgs break through the soil surface. 

Experimeuts were conducted with “sick” sod in which tho moisture content was 
kept constant with Livingston’s auto-irrigatora and tho tempciaturc bold at 20 to 
22°C. The water holding capacity of the sod was 31.36 per cent figured on wot 
weight. Tho yellows occurs and develops most rapidly m sod with 19 per cent 
moisture, loss rapidly with 26 per cent, and still less rapidly with 23 por cent 
moisture. 

The influence of soil temperature on the development of potato scab. L. R. Jones and 

H. H. McKinney 

Seasonal and regional variations have been observed in tho occurrence of com¬ 
mon scab on potatoes caused by AcUnomytee scabies which seem to bo correlated with 
climatic conditions. Opportunity has as yet permitted the investigation of the 
influence of tempeiature relations only. Evidence has, however, been secured that 
soil temperature is so important a factor that it may account for much variation. 
Greenhouse cultures with soil temporaiures of 12°, 16°, 18°, 21°, 24°, 27°, and 30°O. 
have shown that the optimum for tuber development is about 18“ to 21° while that 
for swab development is about 24°C. At higher lempeiaturos tho number of iiifoo- 
tions continues large but there is inhibition of tuber growth and associated size of 
lesions. In experimental field plots it has thus far been impossible to hold uniform 
soil tempoiatures. We have, however, by the use of mulclie.s and cooling pipes 
with small plots secured data which is in essential accord with that from the green¬ 
house cultures. 

The rdntion of soil temperature to the development of the tomato Fusariwn wilt. E. B. 

CliAYTON 

As a piehminary to the main work, the growth reactions of the fungus and nor¬ 
mal phnb was determined for a wide temperature range. Petri dish cultures of 
F. lycopwsici weie esposed to temperatures ranging from 8° to 38*0. for nine days. 
The optimum for growth was found to bo about 28°0., the minimu m 9° to 10°, and 
the maximum 37°. Very abundant growth, however, was secured at temperatuies 
ranging all the way from 18° to 31°. The optimum soil temperature for tho growth 
of. the normal tomato plant was foimd to lie between 25° and 30°O., the maviTnum 
being a little above 36° and the minimum a little below 12°. Tomatoes grown in 
soil infected with pure cultures of F. lycopersid were subjected to soil tomporatures 
ranging from 19° to 36*0., inclusive. The optimum soil temporaturo for tho de¬ 
velopment of the disease proved to be about 38*0. The disease rarely appeared at 
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temperaturos lower than 22® or higher than 32®. These trials were carried on at 
Madison, Wis., and tho time of exposure to the. different soil (cuipcrnturcs varied 
wiih ihe separate trials from four to six woolcs during tho lat«) wintior imniths, 
February-April. 

Occurrence and control of black leg of cabbage. .T. G. Walkbk 

Part of a seed bed so^vn at Madison, Wis., with infected seed and protoolod from 
rain showed 0.6 per cent infected plants after throe months; tliat i)07diion exposed to 
natuml rainfall, 29 per cent; that frequently sprinkled, 39 per cent. Seed sown from 
same lot at La Conner, Wash., whore dry weather prevailed, showed uo diaonso 
after seven weeks. Rainy periods seem essential for dissemination of the fungus 
from primary centers. Correlation of rainfall and occuiTcncc of disease in various 
localities indicates that weather conditions during growth of seed bed are extremely 
important in development of cpiphytotios. The fungus is not entirely eradicated 
from infected seeds treated with 1-500 mercuric chloride for one hour; 1-12S formal¬ 
dehyde for one hour; water at 65®C. for ten tuinutes; dry heat at for seventy- 
two hours, 90“C. for forty-eight hours, 95®C. for twelve hours. 'Phus seed treat¬ 
ment within limits of mjuiy to geimination is not completely effective, and field 
observations show that proper weather conditions may still cause opii)hytoticp 
notwithstanding treatment. 

Fifth “progress report on Fltsarium-resiatant caJbbojge, L. R. Joniar, J. C. Walkejh, 

W. B. Tien ALE. 

Since last reported (Phytopath. 6: 102; Wis. Agr. Exp. Sta. Res. Bui. 38), tho 
Wisconsin Hollander has maintained its character of relative resistance wherever 
tested and is now grown almost exclusively on the “cabbage sick” soils of Wis¬ 
consin. With the cooperation of a skillful gi'ower (W. J. Hanscho) an equally 
resistant earlier strain of Wisconsin Hollander has been selected. Resistant strains 
have also been perfected of two loading kraut varieties. All Seasons and Brmiswick, 
and other promising variety .selootionH started. In corporation with tho Unilod 
States Dept, of Agric., Office of Cotton, Truck and Forage Crop Disease Investiga¬ 
tions, and the National Kraut Packora Association, tho prohhuns of production and 
distribution of seed on a commercial scale are being mot by growing liraitc'd quan¬ 
tities of “mother seed” in Wisconsin using heads carefully solocled from “Hick" 
soil, then sending this “mother seed” to tho Puget Sound region for one geuoratiim 
increase. The output of seed is thus multiplied a thousand fold, insuring maximmu 
commercial efficiency with minimum danger of loss of resistance. Tho Kraut Associ¬ 
ation is thus supplying the commercial needs in largo kraut districts afflicted with 
yellow's. Tho only danger foreseen is exploitation by some loss scnipulous or 
intoIlig<ait commercial seed films without strict attention to source of their 
mother seed. 

Bhaaom blight of the peach. Mel. T. Cook 

This disease, due to Sclerotinia cinorea (Bon.) Schrot. was much more severe in 
-1919 than usual. Tho crop on some trees was practically destroyed. Th’S disease 
was much leas severe on young than on old orchards, but there was no apparent 
connection with the mummified fruit or with varieties. Tho organism appeared to 
spread from the cankers on the 1918 wood. Those cankers gave oil gum and pro- 
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duccd spores throughout the groalor part of the growing season of 1919, but the 
fuugub giadually became weaker and weaker. The cankers arc evidently a very 
imporlani soureo for the spread of the organism and apparently much more impor- 
tnnt than the mummied liuits. It is very doubtful it many of the cankers give 
off siioies for more than one season. An important factor in coiitiol consists in 
picventing the formation of cankers. This can bo done by more frequent and more 
thorough splaying. 

A /leaU-KJi of peach. W. A. McCubbin 

A rot of the hcait wood of living peach trees, occasionally met with prior to 1916, 
became voi y prevalent in t he Nlagai a Peninsula m Ontario in 1916 and 1917. Numer¬ 
ous cultuies mdieato Coriolus venicolor (L.) Quel, as the causal organism. It is 
claimed that the fungus most readily attacks wood injured by winter conditions, 
and this viow is uphold by evidence showing the resliiction of the rot to those por¬ 
tions of the tiunk and limbs in existence before the very hard winter of 1013-14 
and severely injured ai that time; and further by the occurrence in many cases, 
of two regions ol rot separated by a cylinder of sound wood, the outer region asso¬ 
ciated with tissues injured in the aforc-mentionod winter and the inner region 
associated with wood affected by the winter of 1911-12. 

Changes of a decade in Plant Pathology. F. L. Stbvbns 

A brief summary of major events, iuiioduced disuses, progress in disease 
resistance, taxonomic changes, significant facts, new plant diseases, and losso'i of 
personnel through death. 

The deeolopmont of Urophlyctis alfalfae. Feed Reubij Jones and Chaedbs 

Dedcti&leb 

The disease of alfalfa caused by Urophlyctis alfalfae, commonly known as crown 
wart, has been found to have its, origin from the infection of very young buds, the 
foliar elements of which develop into abnoimalitics not involving the mature struc¬ 
tures of root or stem. The thallus of the fungus consists of a succession of two typos 
of structures, turbinate oolls and resting spores. In the first tm-binato coll that 
is the immediate dovolopmeut of the infecting fungus, are inserted a number of sopia 
which delimit uninucleatod peripheral segments from a central polynucloated cen¬ 
tral sporogenous mass. A hyiihal struotuie of limited growth develops from each 
of ihese segments and carries the nucleus in its expanded termination, the latier 
oonstitutiug a young turbinate coll of the next succession. At its mature stage 
the turbinate cell bears a branched apical liaustorium, the short axial olomont of 
which proliferates at its tip a globose terminal expansion mto which the iwlynuclealo 
sporogenous mass of protoplasm migrates to produce the resting spore. This is 
char actovised by 10 to 15 branched haustoiia in zonate arrangement between the 
equator and the distal ])ole. A solution of the thinner coll walls in proximity to 
the yoimg advancing turbmato cells leads to the development of cavities in the 
hyi^ortrophicd tissue in which the resting spores are finally found enclosed. 

Two debtruciive rwsis ready lo invade the United States. J. C. Arthue 

A rust on peanuts has long been piovalent m South America. In Trinidad and 
the nearby islands of the Antilles it is a great menace to the crop, often covering 
every leaf on the plants with a heavy powder of urediniospores. No successful 
method of controlling the rust has yet been found. A rust on potatoes and toxna- 
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toea, comparable in its life history and behavior with the hollyhock luat, has 
recently come to light in Cohta Rioa and Ecuador, The poasibilit ies fcir its spread and 
harmfulness deseivo serious attention. Neither this rust nor the piecednig one has 
yet been repotted from any United States iiossesbion. 

Overviintering (ind control of bur clovci ha/’^iMU, Ti. F. Hopkins 
Studies on tho bur clover leaf-spot have shown that the causal luugus C<rcosjmiu 
medicaginiH E. & E. is borne as mycelium on tho sc«‘d within the burs. Seeds sepa¬ 
rated from tho burs were found to contain a considorable number which showed 
dark maikings on their sui faces. By disinfecting some of those hoeds m mercuric 
chloride 1:1000 for thirty seconds, rmsmg m sterile water, and planting in agar 
pure cultures of a fungus were obtained which in all cases appoarcil to be identical. 
Inoculations of healthy bur clover plants produced typical symptoms. 

In attempting to determine the effect of boiling on the fungtis with a view towards 
control, diseased seeds after being diainfoctod as above were planted in agar. It 
was found that boiling for as shoit a time as one-half minute would kill tho fungus, 
while in the control cultures seeds which wore disinfected but not boiled produced 
in each case a pure culture of Cereospoiti. 

It is fairly certain from the above experimonis and fiom microscopical exami¬ 
nation that the mycelium occurs in tho seed coats and that the fungus is not carried 
over, as Wolf has suggested (Phytopaih. 6:301. 1916), by means of viable conidia 
on the burs, 

A disease of red clover md strawberry in the Pacific Northwest earned by the nematode 
Tylenchivs dipaaci {Kuhn), Bastian. L. P. Byabs 

The writer has observed in tho Paoifid Northwest during the past season a serious 
disease of red clover and strawberry plants caused by the nematode Tylewhus 
dipsad (Kuhn) Bastian, which has long been known to produce considerable trouble 
of many different species of plants in Europe. Although known to have boon in the 
Pacific Northwest since its discovery at Bellinghamj Washington, in 1913, the nema¬ 
tode has not been previously known to cause serious damage in this country. 

On strawberry the disease may be recognized by pronounced local swellings of 
the leaves, petioles, stems, and stolons or fraiting branches, which contain tho causal 
organism in aU stages of development. Affoctod plants aie usually dwarfed and 
contain a large number of adventitious branches. 

Severely infected rod clover plants may be recognized by blister-like swellings 
of the leaves, petioles, and stems, and by tho terminal bending of tho latter. Such 
plants usually have a sort of witchos’-broom appearance, duo to.the pTo<luction of 
adventitious primary bianohes. 

While the nematodes causing the troubles on these two hosts seem to bo morpho¬ 
logically alike, there is no certainty that they are physiologically identical. 

Investigations of the disease in laboratory, greenhouse, and field are actively 
under way, . 

■ 

Flax canher, a non-paradUc disease, 0. S. Rbddt and W. E. Bbbntzbd 
This paper d^ls with the type of flax canker which occurs somewhat uniformly, 
each year in the semiarid Northwest and causes a marked loss in flax production. 

The cortex of the stem is killed at the surface of the ground. Sooner or later 
the plant topples over, but usually remains alive for days or weeks while the vascular 
system still functions. ‘Usually the stem enlarges just above the injury and some¬ 
times also just below. The result is a girdling of the plant at the soil line. 
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No paraqiiic oigaiiism has boon found absociaicd with this typp of fla\ conker. 
Evukuico ficoms 1o indicate tliiil high toinpevaturo at the soil line dining the early 
giowlh of the plant is the chief oaustMif the trouble. In prchmiuary experiments 
llax cankered only on and immodiatelv following veiy hot days. It is susceptible 
only to a sliight extent when mote than four inelics high. Plants shaded by a ten- 
ineh vortical stiip of canvas did not canker while unshaded plants in the same 
row cankiu’ccl. Thickly sown flax canktsed less than thinly sown flax. Flax sown 
with cereals caiikoied compaiatively little, and flax with weeds cankeied less than 
flax fioe from w^'eds. KiUuig the coitcx of young flax plants by aitificial heat 
produced typical flax canker. 

« 

Pythium as a cawsoi fa<for in ‘^pen bJjghf.” Fred RnuBii Jones 
The toim “pea blight" as used by caimers refers to seveial diseases of peas, 
but iiriniarily to the lelaidecl giovtb and death of plants consequent upon the decay 
of the stem liclow ground and moie or less of the roots. In a number of localities in 
Wisconsin, Illinois, and Michigan selected for observation, where the disoaho is at 
its worst, several parasites have been found apparently contributing to pro^luce this 
condition. Of those Phizocioma (.olani, a sjieciea of Fusarhm, and Pijthium (prob¬ 
ably debari/annm) appear to be tho more important. Under conditions prevailing 
in this region in 1919 Pythium appears to have been by far tho most impoitant, so 
that judged by this situation alone “pea blight" could be said to be pruuarily a 
Pythium problem. Under field conditions this fungus pioduoes a typical “damping 
off” or wilt of occasional plants only, and in any case oospores have been rarely 
found in tho diseased tissue. 

Phoma root-rot of celery, 0, W. Bennett 
In several instances, in tho past few years, a Phoma root-rot, caused by Phoma 
apiicola Speg., has been found doing considerable damage to celery in Michigan 
celery-growing districts. This disease attacks the roots and bases of tho plants, 
resulting in a rotting off of the roots near the crown or in the production of large 
black areas just beneath the surface of tho soil. Moisture is the controlling factor 
in the restriction of the pathogene to the imderground parts, and lack of oxygon is 
important in keeping the roots, which are deep in the boil, free from this disea&e. 

In culture, the causal fungus develops a bluish to mouse-colored mycelium when 
first isolated from the host plant. After growing on certain media for n period, 
color is no longer produced. Under similar conditions the organism loses both its 
power to produce fruiting bodies and its parasitic potentialities. 

Scimtific instruments and patent rights, Donald Eeddice 
It is proposed that new specios of soientiflo apparatus for use in pathological work 
should be submitted to a committee of specialists for examination and test. When 
favorable reports are roturped to the American Phytopathologioal Society Incorpor¬ 
ated, the oCrporatiou should take out patent rights and market the product either 
by sale outright or on a royalty basis. This would insure that useful apparatus 
would be immediately available to all workers. The burden of the royalty no doubt 
would fall on the institutions, but it would be relatively insignifioant. Any revenue 
from royalties would belong to the “Corporation” and might be used to further 
soientific research. 
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Studies on varietal resistance and susceptihility to bacterial blight of the soy bean. 

C. M. WOODWOHTH AND FlOEENCE CoERPEE BeOWN 

Field observations and experiments at the University of Wisconsin during the past 
tliree or four years have indicated that soy bean varieties vary greatly in their 
relative susceptibility to the bacterial blight. Of 47 varieties secured from the 
Agricultural Experiment Stations of Illinois, Ohio, Indiana, Kentucky and Wis¬ 
consin, and grown in 1918, about hah wore completely resistant and the other half 
ranged from complete susceptibility to partial resistance. Experimental inocula¬ 
tions hi the greenhouse have strengthened this evideneo regarding varietal differ¬ 
ences in resistance. Varieties Ebony, Elton, Habara, No. 8 (S, P. I. No, 20406), 
Mammoth yellow, Virginia, Cloud, Wilson, Medium yellow, and Ito San were under 
trial. All plants were sprayed with a water suspension of the bacterial blight 
organism shortly after the first compound leaf appeared. An examination made 
three weeks later showed about half of the plants of tho Wilson variety, all but 
three of Medium yellow and all of Ito San, infected. Tho other varieties were 
completely resistant. 
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A BACTKIM VL LRAli^POT OF VI']LVF/r BEAN 

F li E D 13 KI c K A. Wolf 
With Two Fifiuurs iv run Text 

During tlip suinine]’ of 191G, a leafspoi of Florida velvet bean, Stizo 
lobiuni deeringianum Bort, was noted in the vicinity of West Raleigh, 
N. C. It was apparently unlike any known disease affecting this crop, 
as judged from available publi'^hed accounts. FurtlKumore, preliminary 
examination of tho^o specimens shoved that the affected areas wore 
teeming with bacteiia. Since the foliage of soybeans, F>oga max, growing 
in the fields together with velvet beans was affected with a bacterial 
blight, it was thought at fir'^t that the causal organism on both host 
species was probably identical. Furthermore the colonies in the isola¬ 
tions on nutrient agar looked so similar that it did not become apparent 
that one was dealing with two distinct organisms imtil morphological 
studies were made and reciprocal inoculations were attempted. Parallel 
studies of the moiphology, of the cultural and biochemical characters, 
and of the pathogenicity of the velv(‘t bean leafspot organism and soy¬ 
bean bacterial blight, Bacivnum f>oj(r^ have therefon' beem made, and lb(* 
imiUh of th(‘ studies on the former are given herewith whereas those on 
the latter ar(‘ ])rest‘nted in another paper appearing in the March number 
of this Journal. 


THE DISEASE 

The disease has been observed to bo more or less destructive during 
the past four years, not only in the vicinity in which it was first seen, but 
spochnens have also been collected in several widely separated portions 
of the state. In no case has it been sufficiently severe to be a limiting 
factor in the culture of velvet beans. Furthermore, since the variety 

1 Coerper, Ploioiioe M. Bacterial Blight of Soybean. In Jour. Agr. Research 18: 
no. 4, pp. 179-193, pis. A and 12-18. 1919. 
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known as “Hundred Day Speckle” alone will properly mature in the 
latitude of North Carolina, no opportunity has been ftiven to makie field 
observations upon the susceptibility of Lyon bean, Stizolobium nivewn 
(Roxb.) Kuntze, and Yokohama bean, Stizolohium hassjoo Piper and Tracgr, 
species grown farther southward. 

The disease may occur in fields which have never previously been 
planted to velvet beans, indicating transmission of the disease through 
seed. Apparently, however, the foliage only is subject to attack. Here 
the disease is first evident by the presence of small, point-like, translucent 
areas. The centers of these areas early become dark brown, and the 
translucent character largely disappears except at the extreme periphery. 
The water-soaked border, so characteristic of bacterial leaf spots, is 
entirely absent in mature lesions. An area near the center of mature 
spots is characteristically lighter in color than the margin. The tissues 
immediately surrounding the invaded areas are more or less chlorotic, 
and this chlorosis may involve all of the leaf surface not occupied by 
lesions. Mature spots are angular, being limited by the veins except 
when they are so abundant as to merge into large, irregular areas. They 
are commonly 2 to 3 mm. across, although they vary in size from mere 
points to spots 8 mm. in width. Severely diseased leaves may have as 
many as several hundred spots on each leaflet, as diown in figure 1. Little 
difference in appearance is to bo noted between the symptoms presented 
by the upper and lower leaf surface, and no bacterial exudate is manifest. 

the organism 

The organism being non-motile is referred to the genus Aplanobacter, 
and since it is apparently unlike any previously described organism the 
specific name stizoJobii is suggested. It is' therefore described as 
Aplanobacter stizolohii n. sp. 


MORPHOLOGY 

Vegetaiive cells. The orgaimm is a slhort rod with rounded ends. It 
occurs singly or in pairs when taken from the host and may form diort 
chains in nutrient broth. When taken from nutrient agar cultures and 
stained with carbol fuohsin it is slightly variable in length, being 1 to 
1.6 by 0.6 to 0.7 n (fig. 2, 6). Mature elements average 1.3 p in length 
and individuals exceeding this measurement appear to be undergoing 
fission. 

Bndospores. No endospores have been observed and little probability 
of their occurrence exists, in the light of Ihe fact that the thermal death 
point is not far from 60 degrees G. 
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Flagella. Altcuipth to demonstrate tlaftclla have been without hU(*eess. 
Flat>,ella of Bacteimm sojce ar(‘ bhaiplj' diffcTentiatod by Morrey’s modifica¬ 
tion of Lo<‘fIler’H motliotl, whereaR no flagella are deiuousfrable on the 
velvet liean org;anLsm upon the opposite oiul of the same slide, wIuut it 
is subjected to the same conditions of staining. When it is taken from 
young lesions and from 24-hour cultures on nutrient agar or in broth and 
examined for motility no evidence of independent movement can bt' dis¬ 
cerned. 

Capsules. The organisms used for this purpose were grown on potato 
plugs and were stained by the method of Rabiger and of Welch. A con¬ 
spicuous envelope may be demonstrated by either of those methods 
(fig. 2, a). 

Zoogheae. Neither zoogloeao nor pseudozoogloeae are formed. 

Involution forms. None obseiwed. 



Pig. 2. a, Api<anobaotkr Stizolobh Stainbo by Wbucu's Mmtiiod; 6, 

fiTA,lNED WITH OaRBOI. FuOHBIN 
» 

Staining reactions. Efforts at staining with the ordinary stains in both 
watery and alcoholic solutions have been uniformly sucoossful. Gram’s 
stain and Zeihl-Ncelson’a, however, proved negative. 

CTTlTrTTRAL OJIABACTBRS 

No paxtioidar difficulty has been oxi^erienced in isolating the parasite. 
Lesions from freshly collected material were cut out and thoroughly 
macerated in a drop of sterile water on a microscopic slide. A platinum 
LoopM of this material was transferred to one edge of a hardened plate 
of nutrient agar, neutral to phenolphthalein. The material was then 
spread over the surface of the agar plate with a zigzag stroke in the ultimate 
direction of the side of the plate opposite to the one whore the inoculum 
was deposited. The oiganiams are so distributed by this manner of 
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spreading that well isolated colonies develop near the end of the stroke. 
The plate, of course, always contains species other Ihnn the parasite when 
this method of isolation is employed, since no attempt is made to disinfect 
the leaf surface before excision of lesions. The parasite uniformly pre¬ 
dominates, however, and the danger of its destruction within the tissues, 
as so commonly ocem's from the use of alcohol or bichlorid of mercury, 
is eliminated. 

The peptone beef-extract agar and bouillon used in the cultural studies 
were enriched by the addition of either dextrose, lactose, glycerin, or 
saccharose to make 1 per cent solutions. The carbohydrate solutions 
were prepared separately and added to the media when the temperature 
had been lowered to about 60°C., and the media were not heated subse¬ 
quently. All of the various media used in one series of cultural studies 
were inoculated on the same day from the same stock culture. 

Agar colonies. When isolations are made from diseased tissue the 
colonies appear on the second day and are convex, semitransparent, 
circular, shining, and minuLe. By the fourth or fifth day at 20 to 25°0. 
they have attained their maximmn size and are 1 to 1.5 mm, in diameter. 
They have a shiny histor, arc smooth, white, raised, and opaque, and 
possess an entire or slightly undulate margin. 

On agar slants there is a moderate filiform growth whidi spreads at 
the bavse of the slant where moisture of condensation is present. The 
streak is wlntish and does not penetrate the agar nor give rise to any 
perceptible odor. 

In agar stabs the growth is confined to the surface. It covers the 
greater portion of the tube in the course of a month, the edges are con¬ 
toured, and there is no liquefaction of the agar. 

Gelatin colonies. vStab cultures only, maintained at about 1S°C., were 
used. There was no evidence of growth along the lino of the stab and no 
Hquofaction at the end of thirty daj^. The organism wns able to make 
sufiScient growth in this time, however, to cover the surface of the tube. 

Potato cylinders. When the surface of the cylindei’S is very moist, 
growth is moderate, white, glistening, and spreading, whereas rather 
dry plugs have a raised, lusterless growth. The upper end of the streak 
wiU have become of a cheesy consistency within a month. No odor is 
developed within this period, the substratum does not become dkcolorcd, 
and there is no evidence of diastatic action when tested by means of 
iodin in potassium iodid solution. The organism is without effect on 
oom starch agar. 

Bouillon,. Peptone beef-extract bouillon becomes only sli^itly clouded 
throughout; ho pelliclo, ring, nor odor is developed. 
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Litmus milk. Freshly separated milk, without neutralizmft, was made 
up to a violaceous color and subjected to four sterilizations in an Arnold 
sterilizer, at intervals of 12 hours. After ten days the Iduc color is ui- 
creased to shghtly darker than caemleus. A considerable while precipi¬ 
tate appears within a month and the color is unchanged. 

PHYSICAL AND BIOCHEMICAL CIIARACTBRS 

In the studies on reaction toward the several sugars, use was made 
of stab cultures on litmus agar and of peptone broth in fermentation tubes 
to both of which the appropriate carbon compounds had been added in 
the manner previously described. 

Litmus agar. Neither acid nor gas were formed from glycerin, lactose, 
saccharose, or dextrose, although the cultures were incubated at about 
20®C, for thirty days. 

Fermentation tubes. Triplicate sets of fermentation tubes were pre¬ 
pared, inoculated, and kept under observation for three weeks. The 
open arm in aU fermentation tubes became slightly clouded but in no 
case did growth extend mto the closed arm, indicating strict aerobism. 
Neither was gas formed in the closed arm of any of the tubes. 

Nitroies. Five-day-old cultures in 1 per cent potassium nitrate bouillon 
solution were tested for nitrites by the starch-iodide method. No blue 
color resulted, which indicates that there was no reduction of nitrates 
to nitrites. A solution of sodium nitrite used to test the reagents gave 
the characteristic reaction, however. 

Indol. A few drops oi concentrated sulphuric acid and 0.01 per cent 
solution of potassium nitrite were added to ten-day-old cultures in Dun¬ 
ham’s solution. Even after the tubes were gently heated no pink color 
developed, indicating the absence of indol. 

Temperature relations. The optimum temperature for the cultivation 
of this organism has not been carefully determined but appears to lio 
between 25 and 28°C. The thermal death point determined by exposing 
newly inoculated bouillon cultures for fcen minutes to definite tempera¬ 
tures appears to be not fai from 60®G. 

Qrmp nuTfiber, Following the numerical system of the Society of 
American Bacteriologists the group number of this organism is 
212.a3320$3. 

COMPARISON OF BACTERIUM SOJJB AND ApLANOBACTBR 8T1ZOLOBII 

Since, as has been indicated, these two organisms looked so siini]fl.r 
when the first isolations were made, parallel studies on one strain each, 
according to the essential features on the descriptive chart, were made. 
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The results of this comparison indicate that these strains differ strikingly 
only as follows: 


OBOAKIBM 

SIZB 

plaguZiLA 

DIA8XAT1G 

AOTION 

OBOWTH IK BOTTUXON 

Bacterium sojoe . . 

1.2-2.6 by 0 8-0.9 n 

1 to 4 

Very 

feeble 

Surface pellicle and 
moderate clouding. 

Aplanobacter 
stizolobii . 

1-1 6 by 0 6-0.7 ft 

None 

None 

No pellicle with less 
dense clouding 


SUMMARY OP DESCRIPTIVE CHARACTERS 

The results of the studies on the identity of the velvet bean leatspot 
organism may be briefly summarised as follows: 

Aplanobacter stizolobii n. sp. 

Elements cylindrical with rounded ends, single or in pairs, 1-1.6 by 
0.6-0.7 ju, non-motile, capsulate, no endospores, zoogloeae not formed. 
Neither acid fast nor stained by Gram's method. 

Colonies on nutrient agar circular, raised, white, shining, margin entire 
or slightly undulate. 

Gelatin not liquefied; casein partially precipitated and blue color in 
litmus milk intensified; nitrates not reduced; indol not formed; neither 
acid nor gas formed in cultures with various sugars; no growth in closed 
arm of fermentation tubes; no diastatic action. 

Pathogenic on foliage of Stizolohium deenngianurn, forming leafspots 
which are at first translucent and become at maturity dark brown. 

Type specimens and artificially inoculated leaves have been deposited 
in the herbarium of the Office of Mycological Collections, Bureau of Plant 
Industry, Washington, D. C. 

The brief Latin diagnosis is as follows: 

Baculis cyfindraceis, apicibus rotundatis, solitariis aut iaterdum geaunis, 1> 
1.6 by 0.6-0.7 m, aon-motilibus, capsulatis, sporis aondum visis; zoogloeis defectis; 
acidibus deooloratis, euxa methodo Grami noa coloratis; ooloniis ia agar-agar orbi> 
cularibus, ooavexis, albidis, aiteatibus, laarginis solidis aut lobulatis; gelatiais aon 
liquefacieatibus; caseia ex parte segregaatibus; laotem litmus noa decoloraatibus; 
aitrum aoa reduceatibus; iadol aoa produceatibus; ia mediis sacoharatis aeque gas 
aeque aoidum evolvatis; aerobicis; amylum aoa fermeatatis. 

Hab. In foliis vivis Stizolobii deeriagiani, laesioaes primuia traasluceatibus 
dieade-bruuaeolis effioiens. 


PATHOQBNICmr 

Florida velvet beans and Mammoth Yellow soybeans are ihe only 
host species which have been used in the inoculation experiments. It 
has been impossible thus far to bring about infection on the latter host 
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with pure culturos of Aplanohacfcr stizolobn, but cliariicU'nstic lesions 
follow inoculalion of v(‘lvet heaTis. '^Dk' followint* proctnluro and rosiiHs 
arc iyi)i(’al of the tests winch luivc been iniidc. A few loaves on on(‘ si(l(‘ 
of a largo vine growing in the gnauihousc* were aloiniiied with a forty- 
eight-hour lx)uillon culture lat(‘ in th(‘ afternoon of September 11. On 
the hfth day following, numerous water-soaked lesions had formeil which 
on the foiiideenth day were char act eristic of the diseasts Th(‘ abundaiuH' 
of the diseased areas on these artificially inoculated leaves can be judged 
from the following counts made on ttm leaflets taken at random; 31, 215, 
108, 35, 101, 175, 52, 96, 109, 30. 

An organism wliich jiresents the same morphological featums and 
appearance on agar as the original organism has been rcisolated from 
artificial inoculations. 


PATIIOLOaiUAL HISTOLOGY 

Four-day-old and two-week-old lesions from artificial inoculation^ 
and mature lesions from field collections have been fixed, embedded in 
paraffin, sectioned, and then stained by Loeflfler’s mefliylene blue metliod. 
The presence of bacteria within the tissues may be clearly ilemonstrated 
in velvet bean lesions by means of this method. As in the case of a con¬ 
siderable number of leaf-invading bacteria, entrance is gained through 
the stomates, and in young lesions the sul;stomatal cavities and adjacent 
mtercellular spaces alone are occupied. As the lesions mature, however, 
and the invaded tissues become desiccated, the -cell walls are disrupted, 
and the organism comes not only to occupy the mtercellular spaces but 
to fill the interior of the cells. Apparently it Is impossible for Ihe organism 
to attack tissues other than parenchyma. 

STTMMABY 

Bacterial leafspot of Florida velvet beans appears to be a hitherto 
undescribed disease, which lias been imdcr obseivation in North Carolina 
since 1916. 

The disease is appai’ently resti’iotod to the leaves, on wliioh it is fimt 
apparerft as translucent areas which become at length dark brown in color. 

The parasite is unlike the soybean bacterial blight organism, with 
which it has been compared in essential characters by means of parallel 
cultural studies. It is herein described as Aphndbacler stizolohii, n. sp., 
is white in culture, and according to the numerical system has the num¬ 
ber 212.3332033. 

An incubation period of about four days follows inoculation of uninjured 
leaves. Infection occurs through the stomata; invasion is first inter¬ 
cellular but later becomes intracellular and only parenchyma tissues 
are involved. 



HEART ROT, RIB ROT, AND LEAF SPOT OF CHINESE 

CABBAGES 

Nl LLIE A. Bho^\ n vndR. B. H vrvey 
With Four Figures in the Text 

GENERAL PE4.TURE& 

A rot which destroys a high percentage of the plants has been found 
prevalent on Chinese cabbage varieties in Mainland during the damp 
weather of last summer and continuing during the unusually warm autumn 
of this year (1919). The high temperature and wet season are no doubt 
the cause of the prevalence of the diseased condition. However, some 
growers have complained of this rot in more normal years and found the 
production of Chinese cabbages difficult on account of their susceptibility 
to the rot. 

First indications of the disease are given by a sudden wilting of the 
plants although they are supplied with abundant moisture. In handling 
such plants it will be found that the head can be easily picked out from 
the crown of leaves, displaying-a very rotten and foul smelling hole in the 
pith (fig. 1). The tissue within the ring of vascular bundles is usually 
soft and may be almost entirely removed. The vascular ring is browned. 
Flies and other insects are attracted by the foul odor, and probably play . 
a part in dissemination of the disease. 

A characteristic appearance which may occur accompanied or not by 
wilting is a browning of the midribs; this occurs noticeably in the looser 
leaved varieties, Pak choi, Brassica chmensis Jusl. Besides this very 
marked browning of the midrib, speckiag or spotting of the leaf blade 
may occur. These spots can be distinguished readily from spots on the 
leaf caused by Alternaria hrassicae (Berk.) Sacc., which are round or 
oval, black spots marked with concentric zones. The Alternaria spot 
(fig. 2) generally does not cause as much injury as the heart and rib rots, 
since it attacks only the outer leaves and is more amenable to control 
by spraying. 

All varieties of Ghiaeso cabbage which were tested, including Paoting, 
Peking, Kinshiu, Clhosen, Shantung, and Santo Sai, are subject to this 
bacterial rot, but it seems more prevalent on the firm-hea4ed varieties, 
Paoting and Peking of the Pai Ts’ai type. Loose-headed varieties of the 
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Pak choi type are less susceptible, probably because less moisiure oolleets 
in the head or owing to the toughness of the epidermis. 

When the crown of a diseased plant is cut across it is found to be hollow, 
the pith gone or nearly so, with the brown-colorcd vascular tissue loft in 
a sort of honeycomb arrangement. The mam and lateral roots are affected 
similarly, many of them bemg a brown color throughout. There is usually 
no soft rot condition of the main root or lateral roots, their affection bemg 
a dry rot. The soft rot occurs in the crown and bud, which become a 
slimy mass. These soft parts are well invaded by nematodes, fungi and 
bacteria. 

The browned midrib is a dry rot (fig. 3) though it is not unusual for the 
soft stage*to occur here also. 

THE CAUSE OF THE DISEASE 

After repeated poured-plate isolations from different parts of the plant 
and from several plants, and inoculations into Chinese cabbage plants, 
we conclude that the beginning stage of the disease is produced by jBac- 
t&rium campestre (Pam.) Smith, an organism producing the black rot of 
common cabbage and other cruciferous plants (3), (6), (fi). This disease 
affecting the Chinese cabbages, which are succulent plants and rapid 
growers, produces numerous lesions which give opportunity for the en¬ 
trance of a soft rot organism. The latter organism we found present in 
all the soft parts of the diseased plants. It is not present in the brown 
midribs unless the soft condition obtains, nor in the early stages of the 
dry rot condition of the lateral roots. 

This soft rot organism seems to be the more destructive of the two 
(1). While Bact. campestre is slowly plugging up the vessels and dissolving 
the middle lamellae, causing wilting, formation of cavities, and brown 
staining, should the soft rot germ gain an entrance and be given the proper 
temperature and moisture conditions its destructive action is so rapid 
that it can do its work in advance of the wilting and browning. It pro¬ 
duces a heart rot which spoils the plant entirely for either sale or home 
use. 


THE PABASITB 

The initial cause of the disease is a short, yellow rod with one polar 
flagellum, motile but not always so. The rods are usually one and one- 
half to three times longer than wide, while sometimes they are so short 
that they resemble coccus forma. The organism most frequently occurs 
sin^, but it occurs also in pairs and occasionally in chains oy 
to 12 or more of the very small rods. No spores were seen. 

These morphological features are exactly like those of J5oc«. . 
isdated from the common cabbage. 




Tic 1 Chmo9e cobbage'"disease showmg browning of midub pioduced by Bac 
tenum camj>esti e and soft lot at heart pioduoedby a soft rot organism 
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INOCULATIONS 

Inoculations were made inlo Chinese cabl)afte and common calibage 
by spiajdng the plants with watei solutions oi the organism made Irom 
agar cultures; also by smearing the bacteria on the leaf smtaces and stems 
and puncturing with a sterile needle. 

Infection was slow in the sprayed plants, two to three weeks being 
required. When the surfaces wcie smeared and punctured, infection took 
place in from four days to a week and continued to spread. 

Infection has two lines of tiavel from the water pores or othci points 
of infection on the leaf down the blade to the stem; and when the stem 
is infected first through the fibrovascular bundles of the stem out into 
the midrib and blade. In the field, most of the infection seemed to be 
from the stem and roots or base of the leaf upward. 

Fully 90 per cent of the inoculations took. The organism was reiso¬ 
lated from the browned midribs of the C^hiiiese cabbage. There is some 
difference in the appearance of the infection of the two species of cabbage. 
In the Pai Ts’ai and Pak choi the brown vemmg does not show in the 
blade so definitely as it does in the common cabbage (figs. 3 and 4), nor 
is the discoloration so dark in the Chinese cabbages as m the common 
cabbage. Honevei, the dark brown midrib in the Chinese cabbago.s, 
which maj’' be an inch or more broad, is a very striking feature. Inocu¬ 
lations into the stem by punctures caused withering of the plant in two 
to four weeks, depending on the age and rate of growth of the plant. 

The temperature of the greenliouse was around 78®F. day time and 
65®F. at night, and the plants had plenty of moLsturc but not too much. 

One set of puncture inoculations was made in a cooler house kept at 
70®F. daj’^ lime and 55°F. at night, and the amount of moisture reduced. 
At the end of a week theie was no trace ot infection in the plants at the 
lower temperature and reduced moisture, while those plants inoculated 
in the saint' way al the same time and kept in the warmer house with 
more moisture supplied showed good infection at the end of the week. 

One set of inoculations was made by placing drops of a water suspension 
of the organism very carefully in the margins of the leaves of quicldy 
growing plants of both Chinese and common cabbage. Darkening of the 
tiny veins was noted in the common cabbage in seven days but not until 
twelve days in the Chinese calibage. The course of the disease continued 
to be more rapid in the coramoii cabbage. 
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CDLTUKili CllAKACTJflltS 

The oaufsal ori»iniisin isolated was a1 firsl ilious»hl io bo a now ono, as 
its a})i)oaraiioc on tho bcct-at>,ar i)lalos did no! sooin (o a}>roo with tho 
dosfiipliou of Biut. cn>}ii)(. Thoro aii‘ olln'r oiilliiral di(bM(Mi<*<‘s bo- 
twoon it and Bad. cauijHdK isolated fioni the conunoii ealdiat!,!' (1), (7) 
but these dilfcronces are nol snfReienl and (ho palhogonio b'aiuK's aii' 
onoufth alike to decide that we are doaliuu, with Bad. canip(.di( inlV'clioiis 
to new species of Brassica, namely Pra.sMCo pchin(ni^it> (Lour.) (laan, and 
Bras^ica c/uaeiKsis Jusl. 

The colonies on potato ai»,ar appear two to three days alter poinintj, 
plates; they aie at first cveain colored; wluni a day old th(‘y are yellowish 
in roflectc'd hfilit, a little lia,hler colored in transmitti'd lii>,lit, witli fine 
markings on the surface. Th(\v aie loiind, (hickish, smooth shining, 2 
to 4 mm., four days alt(‘r pouring fiom dis(‘a‘'e(l material. The youngi'sl 
ones have no ring margin; th(‘ older ones a definile ling margin which 
shoWvS ladiate lines uiuh'r tlu' hand hms. The maigm which is thinner 
and lighter colored than th(' rest of tlu' colony is in sonu' casi's almost 
bluish. As the colonies get older they become a defiiute yidlow color 
and some of them are a centimeter in diameter. 

On beef agar the colonies arc at first cream while, hluish in transmitted 
light, many with a ring margin. They Ix'come yellow as they grw older. 

Sterile milk is cleared without coagrrlation, the easeirr being precipitated 
slowly, the clear wdu'y becoming a light yidlow color. 

Litmus milk is bliu'd slowly; in sixteen days it is nigrosin viohd 
(Ridgway). 

The organism has a distinctive growth on sterile iiotato cylinders. I( 
is liriglit yellorv at first, fdling the rvater in the tulic with a dense, yidlow 
slime. Later th<‘ growth becomes a brow’ii color. There is slow breaking 
down of the starch. 

Beef gelatin is liiiucficd in two weeks. 

No definite pellicle is formed in heel bouillon. There is no growth in 
Ooliids solution, no reduction of nitrates to nitrites, no production of gas 
or of indol. 

The oiganism, unlike Bml. campcsb'c isolated from the common cabbage, 
will grow in beef bouillon over chloroform. It is unlike it also in that it 
produces no indol while the common cabbage organism produces a slight 
amount; also in its negative action in Cohn’s solution, for the common 
cabbage organism sometimes grows in Cohn’s solution. 

However, these cultural differences arc no more significant than those 
differences often found in separate isolations of the same organism from 
the same species. Here we have isolations from two different species. 
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TREATMENT 

The treatment of the disease falls into the class of those diseases in 
which preventative measures have to be taken. The treatment of seed 
is recommended. It wiU have little value if the soil is infected, but less 
risk is run if the start is made with clean seed. 

Bact, campestre is not a spore bearer but the vegetative rods seem able 
to survive long periods of dr3dng, 

Harding, Stuart, and Prucha in their work with common cabbage 
proved the presence of Bact, campestre on four lots of cabbage seed. Foiu 
black-rot infected seed-cabbage plants were threshed separately, the seed 
rinsed in sterile water, and cultures made. Bad. campestre was obtained 
in the cultures from all four lots and its pathogenicity proved by inocu¬ 
lations into cabbage plants. 

They conclude that much of the seed on the market is contaminated 
with Bact. campestre and that some of these germs may survive the winter 
and infect the young cabbage plants that are produced in the spring. 
They recommend the soaking of seed fifteen minutes m a 1-1000 corrosive 
sublimate solution or in formalin 1 pound to 30 gallons of water. 

It has been shown by their experiments that cabbage seed soaked in 
water to which a culture of Bact. campestre has been added, then the seed 
dried and put away in test tubes, had live bacteria present eleven months 
afterward (8). These bacteria produced the characteristic symptoms 
when inoculated into cabbage plants. 

In the seed bed, soil should be used that is known to be free from disease. 
Otherwise, it should be steamed in advance or a fire built over it. 

As moist conditions play an important part m the appearance and 
spread of this disease, a fundamental requirement in growing the Chinese 
cabbages is a well drained field. 

Worms and mseots are disseminators and they can be reduced in numbers 
by spraying with insecticides. 

Infection from the soil has to be considered, for this can occur readily 
with rough handling of the seedlings at the time of transplantii^. Should 
the organism be present in the soil, then the injured roots with exposed 
fibro-vasoular bundles offer a ready entrance for the bacteria and root 
infection follows. 

The removal of mfected leaves from the plant even when the disease 
first makes its appearance in the field has not proved a successful method 
of combating the disease (2). 

Care taken in the destruction of diseased plants will go a long way 
toward the prevention of further losses another year. Infected plants 
should never be left to decay but should be burned or thrown into a jar 
containing dilute, crude sulphuric acid, or mixed with fredi lime. 
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Thoughdunipinp, of dlwa^^el^plants ou the compo&t heap to be 
used later for fertilizing may aeoount for inCeetion in now fiohls. It is 
not only gardeners, ignorant of the infeetioiis nature of plant diseases, 
who do not jjraetiee sanitaiy met hods with plants, but often those who 
are informed. Field sanitary methods cannot be emphasized too much. 

SUMMARY 

The Chinese cabbages—both loose and tight-headed varieties—are 
subject to the black rot disease of the common cabbage produced by 
Bad. canipestre, and like the common cabbage there may be also a rapid 
secondary infection by a soft rot organism. 

The disease is very destructive in those seasons when there arc liigh 
temperatures with excessive moisture. 

The organism enters the plant througli the water pores of the leaf 
and through the wounds in roots and stem. Insects also act as carriers. 

The broad midribs of the Chinese cabbages turn a dark brown. In¬ 
numerable spottings may occur in the blade. 

The soft rot organism destroys the heart at once. The spotting of 
the blade is unlike that due to the fungus Alternaria hrassicae, which is 
a spotting confined to the loose outer leaves of the head. 

Treatment is of a preventive character. Sanitary methods in the 
fields where the disease has occurred, spraying to destroy worms and 
insects that might act as carriers, careful handling of plants while trans¬ 
planting them, and treatment of seed with corrosive sublimate 1--1000 
for fifteen minutes or formalin 1 pound to 30 gallons of water are 
recommended. 
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A NEMATODE DISEASE OF RED CLOVER AND STRAWBERRY 

IN THE PACIFIC NORTHWEST 

L. P. B Y A E a 
With Pla.tes VI and VII 

During the past summer the writer has observed a serious disease of 
red clover {TnfoUum pratense Linn.) and strawberry {Fragaria sp.) plants 
in the Pacific Northwest, caused by the nematode Tyhnchus dipsaci 
(Ktihn) Bastian, (synonym T. detmtatrix) which has long been known 
to attack many different species of plants in Europe but which has only 
recently been discovered to cause very severe damage in this cquntry. 
Since the discovery of this nematode on hyacinths at the bulb propagating 
garden of the United States Department of Agriculture at BcUingham, 
Washington, in 1913, by the writer (1), Dr. N. A. Cobb’- has observed it 
each successive year on specimens of red clover or strawberry plants sent 
in from other localities in the Northwest. During the past season Prof. 
Ralph. H. Smith (5) of the University of Idaho has found this parasite to 
be the cause of heavy losses to the red clover crops in many lofealitips in 
Idaho, and it is also Imown to occur on this crop in eastern Washington 
and Oregon and in central Utah. In Juno of this year, the writer observed 
the nematode attacking strawbeny plants growing on the experimental 
fann of the Oregon Agricultural Expeiiment Station, C'orvallis, Oregon, 
where it had been seen throe years previously by Prof. A. L. Lovett.* 
Since this article has been prepared the author has found the nematode 
on strawberry plants from Port Terrace, Oregon. These plants were 
collocted in July, 1915, and sent to Dr. C. L. Shear, who preserved them 
in fonnalin and who kindly submitted them to the writer. Outside of 
the Pacific Northwest the nematode is known to have occurred in 1907 
in Kansas, where Dr. E. A. Bessey (2) discovered it causing a stem disease 
of rye*. Very probably it occurs in other parts of the United States and 
has been overlooked. 

* 

’ Cobb, N. A., XJ. S. Department of Agriculture. Unpublished data. 

* Lovett, A. L., Oregon Agricultural College. Letter to Dr. N. A. Cobb, dated 
July, 1916. 
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DESCRIPTION OF THE DISEASE 

On red clover. As seen in irrigated fields of Idaho and Utah, mature 
diseased plants are usually reduced in size and send up from the crown 
a number of adventitious shortened stems or shoots, which gives to 
badly affected plants somewhat of a witch’s-broom or bush-like appear¬ 
ance, as shown in plate Vl. The crowns of such plants generally show a 
dry rot, which extends for a short distance downward into the tap root 
and upward into the stems. Because of this internal rotting, the above¬ 
ground parts of these plants may be easily separated from the tap root 
by slight p ullin g. The stems are often swollen, particularly near their 
bases, may have their intemodal spaces shortened, and are frequently 
bent near the end. Affected leaf stipules, petioles, and sometimes the 
leaves become distorted and show blister-like sweUings. Badly diseased 
plants usually lose their normal green color, wilt, and die. However, 
there seems to be no characteristic discoloration of the foliage associated 
with the earlier stages of the disease. 

On strawberry. Manifestations of the disease on strawberry may be 
seen on any part of the plant above ground. The plants as a whole are 
usually somewhat dwarfed, of a lighter green color than normal plants, 
and produce at the crown many adventitious branches. As shown in 
plate VII, affected leaves are distorted, wrinkled, swollen, and may be 
greatly reduced in size. On stems, petioles, stolons, fruiting branches, 
and at the base of leaves conspicuous galls which contain the nematodes 
in great numbers may be produced. This disease is different from the 
so-called “cauliflower” disease of stiawberry described by Ritzema Bos 
(4) and caused by another nematode, an Afheleruihus sp., presumably 
A. ormerodis Ritzema Bos. Plants attacked by the latter nematode, 
which is much smaller than Tylmchm dipsad, produce a large number 
of dwarfed adventitious branches, some of which are stimulated by the 
nematode to grow together throughout their length. Because of this 
stem thickening and fasciation, diseased plants resemble somewhat the 
upper portion of a cauliflower or pineapple plant. So far as known an 
Aphetenckns sp. has not been reported on strawberry in this country 
although one has been described on violets and other hosts. 

« 

DISTRIBUTION AND DAMAGE 

The disease on red clover has been found only in the Pacific Northwest 
and in this region only in the irrigated sections. Whether it is confined 
to clover that is grown under irrigation is an important question which 
should be answered as soon as possible. The writer has been unable 
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to find it on small plantings of clover in the neighborhood of Greeley, 
Colorado, Madison, Wisconsin, or Washington, D. C., but has not had 
opportunity to make even minor observations in other sections east of 
the Pacific Northwest. 

Microscopic examinations by Dr. N. A. Cobb, Prof. Ralph H. Smith, 
and the writer show that the causal nematode in a living condition can 
be transported along with cleaned and uncleaned clover seed. It is 
highly probable that the parasite has been introduced into and spread 
within this country by this means. Spread in the irrigated regioiut no 
doubt has been largely by water. 

General infestation of the clover in some of the irrigated sections of 
the Northwest has already taken place. This is particularly true in the 
Twin Falls, Idaho, district, where it is diBSicult to find an uninfested field 
and where the damage has been so severe that many farmers the past 
season have plowed up their clover and planted other crops. 

Although preserved specimens of the disease on strawberry, collected 
at Port Terrace, Oregon, have been seen, the trouble on this plant has 
been found in the field at only one point, Corvahis, Oregon. At the latter 
place none of the plants were dying from the trouble at the time of exami¬ 
nation although much damage in the way of reduced yield and lessened 
quality of fruit was apparent. On strawberry the trouble is very probably 
most commonly spread by means of the young infected plants which are 
used for propagating purposes. 


CAUSE 

The disease of both the red clover and strawberry is caused by the 
nematode Tylenchus dtpsad (Kuhn) Bastian, which usually attacks only 
the above-ground parts of plants. The ^gs, larvae, and adults of this 
organkm in great numbers may be seen with the aid of a hand lens if 
iofeoted tissues are teased apart m a few drops of clear water. The 
adults are spindle-shaped, milky-white eelworms of little more than 1 mm. 
in length. In a desiccated condition the parasite, in its earher stages of 
development, may remain motionless but ahve for more than a year. 

Often closely associated with tiie nematode on clover are certain other 
organisms, winch seem to assist in only a secondary manner in causing 
the trouble. These are a small mite and the larvae of two insects, which 
were found constantly about the tap root and crown of affected plants 
and which have been previously thought to be the primary cause of the 
trouble. The writer has, however, just completed inoculation experi¬ 
ments in the greenhouse and laboratory which prove that the nematode 
alone is responsible for inducing the disease on clover. Details of the 
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results of those experiments, which are being continued, will be published 
later. 

Because of a lack of opportunity, inoculation experiments dejjigned to 
demonstrate that the nematode is the sole cause of the disease "on straw- 
beny have not been carried out, but on affected plants in the field no 
other parasite could be found. 

HOST EELATIONS 

No consistent morphological differences between the nematode on straw¬ 
berry and red clover could be found by the writer. That there may be 
physiological differences, however, seems probable since rows of straw¬ 
berry plants free from infection were obseiwed growing in fields of clover 
which were severely diseased. Likewise disease-free crops of beans, 
alfalfa, and lye, which have been reported as hosts in Europe, were seen 
in fields that had grown a severely infected crop of clover the previous 
season. These observations harmonize with the view held by Ritzema 
Bos (3), namely, that in Europe this nematode becomes specialized on 
certain of its hosts and will not readily attack any other. The possible 
development of biological strains of the organism is an important and 
interesting question which must be solved before practicable methods of 
control can be well devised or carried out. Until this has been accom¬ 
plished it would seem inadvisable to plant on infested land any of the crops 
wliieh are known to be seriously damaged by the nematode in Eiuope. 
Some of the more important of these are; beans, potatoes, onions, peas, 
alfalfa, and most of the clovers, vetches, and grains. The writer has 
found the nematode attacking only one wild plant, a Physalis f?p., which 
w'as growing in a badly diseased field of clover in Utah. Plants of this 
genus apparently have not been previously reported as a host (5). 

Active investigations of the disease are under way in the laboratory 
and greenhouse, and field studies in cofiperation with the Idaho Experi¬ 
ment Station have been planned. 

Bureau of Plant Inuustrt 
United States Department of Agricuxturb 
Washinqton, D. C. 
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PLATE VI 

A NBMATODB-iNFBcmEJi) Rbd Clovbb Plant bbom Pbovo, Utah 

Photographed natural siae. Note the adventitious, dwarfed brandies, some of 
whieh have swollen terminals. 
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PLATE YII 

A Normal (Above) .vnd a Nem\.tode-Inpeoted (Below) Leap of Btrawbeury 

FROM Corvallis, Oregon 

Photographed natural size. Note on the diseased leaf the distorted, dwarfed 
leaflet and the nematode gall on the pet iole. 










STREAK DISEASE OF POTATO 
W. A. Okton 

With Plate VIII and One Fioube in the Text 

In the summer of 1912 the writer studied a disease of potato that 
occurred in Maine, New York, and Wisconsin, and prepared a description 
which was intended to be published under the name “potato streak’^ in 
a bulletin on “Potato Will, Leaf-Roll, and Related Diseases.”^ This 
article was withheld because the nature of the streak disease had not been 
demonstrated and it was hoped that further laboratory work would result 
in the discovery of a parasitic causal organism. Our efforts in this direc¬ 
tion were unsuccessful, and it now seems desirable to record our early 
obseiwations, defining the characteristics of this interesting potato malady, 
which is being found from lime to time in various parts of the country. 
There arc somewhat similar obscure troubles which it is desirable to dif¬ 
ferentiate from the streak for clearness in discussion, even though it is 
possible that future research will reveal a relationship. 

Potato streak is a disease of the foliage, attacking full grown and other¬ 
wise normal and healthy plants and frequently progressing rapidly to 
destroy them. 

CHABACTERTBTICS 

So far as our observations go, streak is first to be detected on the upper, 
full grown leaves of the potato plant, in the form of elongated or angular 
spots following the veinlets and invading the parenchyma (fig. lb Wliilc 
somewhat more conspicuous on the upper side, these spots are also to be 
seen on the imder side as narrow, discolored streaks along the veins. The 
typical form may veiy quickly bo recognized and distinguished from the 
spots caused by early blight {Maarosporum solani), though the more 
diffuse spots of the streak resemble slightly the Macrosporium spots, 
particularly when the latter also occur on the same plants, as is often the 
case. 

The destructive progress of the streak is rapid. Shortly after its ap¬ 
pearance on the leaflets, as described, the petiole will be found affected 
and slightly discolored by longitudinal streaks. The petiole collapses 
and the leaf then withers and hang^ limp, or the petiole breaks at the 
point of attachment to the stem and hangs by a thread in a dead and 

^ Orton, W. A. Potato Wilt, Leaf-Eoll, and Belated Diseases. D- S. Dept. Agr. 
Bui. 64, 48 p., 16 pi. 1914. 




Flo 1 Pot vto Stht 

Drawing from natuie of the eaiU stage of streal fiom oxpciimcnt il jilots in 
northern Maine J 1 Biewei 

The hanging, dead leaves aie quite chaiactenstic of the diseisc while 
all the chaiaoteib mentioned foim a pictme that is qmcUy seen and well 
lemembeied 
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A prominent characterislic of streak is the brittleness of the affected 
parts. The leaves break off very easily and the stem is also brittle. This 
symptom is, however, also met with in other potato diseases, such as 
curly-dwarf and mosaic dwarf. 

The stem begins to turn brown and dies at'a point below the tip. The 
upper leaves then wilt and die, and the disease progresses downward. 
Long, faint brown streaks appear on the stems also. Apparently the 
discoloration is just below the epidermis but not in the vascular bundles. 
These brown stripes are not continuous from leaflet to petiole, nor from 
petiole to stem. There is no discoloration of the vascular bundles in the 
lower part of the stem or root, nor are there any other evidences of disease 
at the root. The several stalks in a hill die separately; all stages may be 
observed in one hiU, from the first spotting of the leaves to quite dead 
stalks. A late stage is illustrated in plate VIII, figure 2. * 

No effect on the tubers has been found. The yield is reduced in pro¬ 
portion to the time of onset of the <lisease. The fiirst cases were found 
when the Maine field was visited, August 9, 1912. At this time several 
plots were dead and the disease was quite generally distributed. The 
New York field was visited August 16 and 17, at which time the disease 
was Tinder full headway. A considerable portion of the field was dead, 
^nd as all stages of streak could be traced, it was concluded that tins 
new disease was the principal cause of the early death of the foliage, 
particularly in the seedling collection of the Bm’eau of Plant Industry 
which was being grown in both states. In other parts of the field there 
was a good deal of tipburn and early blight. 

VARIETAL RESISTANCE 

Marked differences in varietal susceptibility exist. This was most 
prominent in the collection of seedling varieties where streak was most 
prevalent. Some plats remained entirely healthy, while others directly 
alongside were destroyed. More streak has been obseiwed in European 
varieties, such as Factor, than in American sorts. The seedlings referred 
to were for the most part hybrids with European varieties of potatoes, 
and this may account for their greater susceptibility. Outside of this 
seedliug collection, the most prominent case of streak the writer has 
observed was a field of several acres of Factor at Puyallup, Waghington, 
in September, 1914. It was observed that year at Jerome, Idaho, but, 
tijis also in seedling varieties. A very typical case was observed in a 
field of Rural New Yorker near Madison, Wisconsin, in 1912. 

Pile nature of the streak disease remains in doubt. Its appearance 
and general course present striking similarities to some of our well known 
bacterial diseases, such as Ps, imlmcearum on cotton and Bad. michigensis 
on tomato. 
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The writer was confident that bacteria would prove to be the cause, 
but efforts to isolate an organism have thus far been futile. For the most 
part plates poured from the discolored areas remained sterile. Colleagues 
have made similar attempts, with similar negative results. It is believed, 
nevertheless, that eventually an organism will be found and shown to 
cause potato streak. 


OTHER CONFUSING LEAP-SPOTS 

It will be noted that the illustrations presented show streak on plants 
of normal size and development, and this is typical of the disease as the 
writer knows it. 

It should not be confused with the spotting and streaking of potato 
leaves associated with advanced stages of leaf-roll or mosaic dwarfs, or 
from weak br otherwise degenerate plants. Such spots and streaks arc 
common on moribund potato plants, but the pathological picture is quite 
different from that described above. 

There is, for example, a disease not uncommon in our trial grounds, 
marked by weak, erect stems, from which frequently the spotted leaves 
fall prematurely, from the base upward, so that a palm-tree effect is 
produced. 

* It is quite within the possibilities that streak may attack a plant suffef- 
mg from mosaic or other disease, and that when we know the cause of 
streak we shall be able to differentiate it more clearly from other leaf 
spots. The point to be emphasized now is that streak is not per se the 
result of some other disease, but is quite distinct and separable from all 
other potato diseases known to the writer. 

To one observing the rapid spread of this disease through plats of 
susceptible varieties and its destructive effect, it would appear potentially 
dangerous to the potato industry, but seven years have passed since it 
was first observed, and the disease is still something of a rarity. This 
may be taken to indicate that our standard varieties of potatoes possess 
substantial resistance to streak and that it is not to be greatly feared by 
commercial growers. 

Bureau of Plant Industry 
Washington, D. C. 


PLATE Vin 

Pig. 1. Potato plant, unnamed seedling variety, dying from streak. Note dead 
leaves hanging in center where streak developed first. 

Pio. 2. Potato streak, advanced stage. This plant was normal and healthy two 
weeks earlier. 
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INFECTION EXPERIMENTS ON TOMATOES WITH PHY- 
TOPHTHORA TERRESTRIA SHERB. AND A HOT 
WATER TREATMENT OF THE FRUIT 

J. R (1 b n N B A TJ M 

Pliytophthora terrcstria Sheri), on tomatoes lias been under observation 
in southern Florida for the pasi three years. During the early season of 
1918-1919 it was hard to find a single fiuit infected by this fungus in one 
of the tomato fields, ivliile observations made in various parts of this 
same field later, following some exceptionally heavy rains, showed an 
infection of more than 66 per cent of the fruit, by actual count. 

Sherbakofit,^ referring to the rot caused by this fungus, states: “The 
rot occurs almost invariably only when the fruit touches the ground or is 
very close to it.^’ In view of the high percentage of infection foimd in the 
field, it was supposed that if tomatoes rested or were placed on this in¬ 
fested soil, a high percentage of infection would result. A few experiments 
were performed, the results of which were somewhat contrary to what 
might have been expected. They give some additional information on 
infection, and suggest a possible treatment of the fruit for this disease in 
its very early stages. 

EXFBIUMBNT I 

The purpose of the experiment was to determine whether contact with 
diseased soil is sufficient to produce a high percentage of infection. 

Two hundred healthy, large green tomatoes were picked from a field 
known to have little if any Phytophthora, kept in the laboratory for two 
days so as to allow any infections present to develop, and then buried in an 
infested portion of the field in such a way that some of the tomatoes 
were only partially covered while others were two inches below the surface. 
There was no doubt that the land where the tomatoes were placed was 
infested, as counts made there a week earlier showed about 90 per cent to 
be infected. 

The tomatoes were removed in small lots at twenty-four hour intervals, 
examined for any signs of infection, wrapped in paper and kept at room 
temperature, and again examined later. After a period of two weeks 14 
per cent of the 200 fruits had become infected. 

1 Sherbakoff, C. D, Buckeye Rot of Tomato Fruit. Phytopathology 7:110-X29. 
1017. 
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The percentage of infection was much lower than was expected in view 
of the heavy natural infection at first found. The soil dm’ing the time 
of the experiment was relatively moist, Imt no rains occiurod. 

EXPERIMENT II 

The purpose of this experiment was to determine the influence of water 
on infection of the tomato fruit when in contact with diseased soil. 

Flower pots were filled with infested soil obtained from the row where 
Experiment I was made, and one or more healthy, green tomatoes were 
placed in each pot and lightly covered with the soil. The pots were di¬ 
vided into three lots of twelve each. Tlio treatments and the results ob¬ 
tained are summarized in the following table. 


I.OT 

NTIMBCR 

TBI3\TMENT 

PERCENT- 
\UE OF 
INFECTION 

1 

Imraersed in wuter for sixteen hours. 


3 

Watered each day ..... 

23 

3 


0 


1 Not watered... 


The experiment was repeated in the laboratory and the results obtained 
were similar to the above. To determine whether the amount of water 
in the soil will influence infection in the field in a similar manner, two lots 
of ninety-six tomatoes each were buried in an infested field as outlined in 
Experiment I, in adjacent rows but separated by a soil ridge. One lot 
was watered each day. At the en'd of eight days both lots were removed. 
The lot watered had developed 63 per cent infection, while the adjacent 
lot had developed only 10 per cent. 

These experiments leave little doubt that an abundance of water is nec¬ 
essary for an epidemic infection in the field. This is to be explaiaed by 
the fact that moist infested soil containing mycelium of the fimgus is not 
as infectious as infested soil where the zoospores are liberated and can 
swim about freely. Laboratory inoculations likewise have repeatedly 
shown that the zoospores can cause infection much more readily than 
any other stage of the fungus. The zoospore can penetrate and produce 
an infection on healthy, green fruit without previous injury. 

EXPERIMENT HI 

» Working on the theory that the zoospores are liberated in the soil when 
an abundance of water is present, it was of interest to determine the effect 
of dight traces of copper in the water, when applied to infested soil. 
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One or more healthy tomatoes each were placed in infested soil in pots 
as for Experiment 11. These were divided into several lots. The treat¬ 
ment and results arc shown in the following table: 


1 

LOT i 

mjUBSB 

aREATMDNT 

PnHODNT- 
AGS OF 

intection 

1 

Not treated . . .. . 

3 

2 

Walered heavily . . .. 

34 

3 

Immeised in water for thiity-gix hours. 

55 

4 

Immersed for thirty six hours in water containing 1-5000 

1 • ... ■ ... ...... ........ 

0 


Stronger solutions of copper sulphate were used but no infection resulted 
in any case. A weaker solution than 1-5000 was not tried. 

Immediately following the heavy rains referred to in the first para¬ 
graph, a number of growera picked their tomatoes. It was found that, 
notwithstanding the fact that most of these did not show any signs of 
infection at the time of picking, they developed the buckeye rot, due to 
Phytophthora terrestria, after being packed. In one case a grower was 
compelled to repack 500 crates on account of the rot, and less than one- 
third were found healthy. 

One of the largest growers in southern Florida has made it a practice 
during the last three or four years to wash tomatoes in hot water before 
shipment. The method has given results that have led to the installation 
of such washing tanks in several packing houses along the East Coast. It 
was on this account that the following experiment with hot water treat¬ 
ment was made. 


EXPEEIMENT IV 

The purpose of the experiment was to determine the efficiency of hot 
water in preventing the spread of new and subcuticular infections of 
Phytophthora on tomato fruit. 

In order to obtain fruit in the earliest stages of infection, a lot of green, 
healthy tomatoes were brought to the laboratory, washed, immersed in 
a 1-1000 mercuric chloride solution for five minutes, and placed in large 
moist chambers. They were inoculated in these chambers with a decoction 
of swarm spores, by means of an atomizer. Part of the inoculated fruit 
was removed approximately at the end of each twenty-four-hour 
period. Each lot of fruit as it was removed was divided into two 
parts, one of which was mmaediately immersed in hot water, while the 
other was left untreated. From previous preliminary experiments it had 
been found that green tomatoes can withstod water at a temperature of 
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60®C. for one and one-half minuteg. If treated at 65®C. for the same 
length of time an occasional fruit will develop a rusty color and show slight 
shriveling, indicating injury from the hot water. Tlierefore, all the in¬ 
fected fruit was treated for one and one-half minutes at 60°C. 

The following table shows the results obtamed. 


NUilBBB or 

HOURS BCTWnEN 
ORIGIN 
INOCUEVTION 
BBMOTVL 
or FRUIT FROM 
OBWlBliR 

PERCENTAGD OP 
THC VTED 
TRUIT DDVEL- 
OPINCt ROT 

pERcrNTAan 
Ol UNTRLATED 
rBUIT 

DEVELOPING 

ROT 

REVAREB 

24 

0 

100 

No infection was evident when fiuit was 
removed 

46 

0 

100 

The infection was evident at time of Ueat- 
znent 

71 

0 

100 

As above 

96 

66 

100 

As above 

122 

100 

100 

As above 


The results of the experiment indicate that: (1) a period of not more (and 
possibly less) than twenty-four hours is necessary for the swarm spores to 
be in contact with the tomato fruit to produce infection; (2) i m mersing 
infected fruit m hot water at 60®C. for one and one-haK minutes will pre¬ 
vent decay of infected fruit which does not yet show macroscopic signs of 
the lesion or those in which the tissues have not yet been penetrated 
deeply. In the experiment performed 71 hours after the inoculation was 
made the lesion was macroscopically evident; nevertheless, the hot water 
treatment stopped its further progress. Ninety-six hours after inocula¬ 
tion was made it was not possible to kill the fungus in the tissues in every 
ease. One hundred and twenty-two hours after inoculation the invading 
myceUum had penetrated too deeply into the tissues to be affected by the 
hot water treatment. 

The good results said to be obtamed by some of the growers from treat¬ 
ing fruit with hot water may be ascribed to the fact that not only are 
fungus spores and sand removed from the surface, but in addition it may 
also kill new infections which have not penetrated very deeply into the 
tissues of the fruit. 

Repetition of all the experiments outlined here gave stmila r results. 
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summary 

An abundant moisture supply, preferably free water, in diseased soil, 
is a necessary condition for producing an epidemic infection with Phy- 
tophthora terrestna Sherb. on tomatoes. This is to be explained by the fact 
that only imder such conditions will an abundance of zoospores be liberated. 

The addition of 1-5000 copper sulphate solutions to iofesied soil will 
prevent infection of green tomatoes when in contact with such soil. 

The immersion of green tomatoes in water at 60°C. for one and one-half 
minutes will prevent the spread of the buckeye rot where the infection 
is very recent and the fungus has not penetrated deeply into the tissues. 

Bureau of Plant Industry 
Washington, D. C. 



BRIEFER ARTICLES 

PHONY PEACHES; A DISEASE OCCURRING IN MIDDIJ5 GEORGIA' 

David C. Neal 

With Plvtb IX vnd One Figure in the Text 

* 

Phony peaches, apparently a new disease of the peach, has been known 
to exist for some time, especially in the peach belt of middle Georgia, In 
fact, the distribution of the disease appears to be more or less limited to 
that peach section of the state. This rather peculiar trouble of peach 
trees, although observed a few years ago by growei-s, as well as by Fed¬ 
eral and State pathologists, has received practically no investigation, with 
the result that the factors concerned in its cause remain quite obscure. 

The disease has been given the tentative name of “phony peaches” 
by growers, probably because of the more or less dwarfed character of trees 
which are affected. It seems appropriate to state that orchardists and 
pathologists have heretofore confused the phony disease and another 
somewhat similar trouble of the peach, namely, “coUar-edema.” The 
latter has been studied by Mr. M. B. Waite of the OflS.ee of Fruit Disease 
Investigations, Bureau of Plant Industry, and according to him the collar- 
edema disease of peaches is entirely distinct from the phony disease oc¬ 
curring in this state. Waite’s® description of the collar-edema disease of 
peaches is as follows: “It is characterized by an edema or abnormal 
swelling of the collar of the tree, mostly below the ground lino. The bark 
is thicker and fleshier or has a larger proportion of the flesh part than nor¬ 
mal. The lenticols are enlarged and the wood is more or less brittle or 
corky, or less fibrous than normal. The trees are sometimes snapped off 
by the wind because of their brittle character. The growth is short and 
stubby and the leaves become yellow and drooped and usually fall prema¬ 
turely.” According to the same author, the collar-edema disease is re¬ 
stricted mainly to the eastern section of the United States, extending into 
New York State. It has also been observed in the State of Michigan. 
.The phony disease of peach, however, has thus far been seen by the writer 
only -in middle Georgia. With the exception of the short, stubby growth 
of the twigs, none of the above symptoms are evident on trees having the 
phony disease. 

' Published with the approval of the Georgia State Board of Entomology. 

* From correspondence supplied the Georgia State Board of Entomology. 
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DESCRIPTION OF THE DISEASE 

Leaf syinptoms 

A tree affected by the phony disease is readily detected, on account of 
its leaf symptoms. The leaves are somewhat larger than normal, and are 
especially marked by Iheir dark green color. In typical cases this vivid 
green color of the foliage is so pronounced that such a tree is easily distin¬ 
guished from normal ones by an observer passing an orchard, even though 
several paces away (plate IX, figs. 1 and 2). 

Twig symptoms 

The twigs of trees having the jDhony disease are particularly noticeable 
because of then’ short, si ubby growth. In cases where the current season’s 
growth of normal shoots would average 2| to 3 feet or more, a tree affected 
iDy the phony disease seldom averages onc-third or one-half of this growth 
(tig. 1). As a result, the entire head of the tree is reduced to a rather 
compact shape, owing to the forshortened internodes and resulting close 
spacing of the leaves. With such malformations induced, the trees usually 
fall rapidly behind normal ones on the same soil as to growth and size. 

4 

Cause of the disease 

The present experimental work with this disease is so limited that the 
factors which are responsible for the symptoms which have been briefly 
described above are as yet imknown. The phony disease is possibly one 
of the so-called physiological diseases, falling perhaps in the same categoiy 
with trou])les like peach rosette, peach yellows, and the mosaic diseases of 
many plants. Since the disease is known to occur over a wide range of 
soil types, its relationship to such factors as soil fertility, soil moisture, 
malnutrition, or cxcc^ssive physiological stimulation as the result of certain 
plant foods must all lie studied under laboratory and field conditions 
before definite causes can be set forth. 

Effect of the disease on fruit development 

Personal observations and conversations with growers who are familiar 
with the disease indicate that the amoxmt of fruit which a phony tree 
sets is very small. Frequently fruit on such trees attains almost normal 
size, but the period of ripening is usually considerably retarded. There is 
some variation among the different varieties in this respect, but the fruit 
matures at least ten or twelve days later than normal, is insipid in taste, 
and has little, if any, market value,* 
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The elation of age of i ees to the de doyimi t of the nc 

Fiom field obsenations it \ppeais that tiocs which h ivc loulicd he xi 
ing age xie moie susceptible Many cxscs xic cncounltucl aiuoii^, Ihosc 
Mhich ha\c attained fom and five yens but the Ixigcst aicis allo( ted u< 
found m oiehaids which aie much oldci (five to ten yeais) llie youiit^c si 
case which wc have on rccoid is that ol x tice which developed lypie xl 
hjmptoms ol the disease dm mg its second season s giowth 



Fig 1 Comp muson or ran CnBRn^T Sbason s Growth or Norm vl Disi n 

Shoots 

Healthy shoot's at left d seased shoot at right Photogiaphed iiigust 16 1910 

Vaneted susceptibility 

The evistence of \ aiietal suseeptibihty oi immunity does not seem to bo 
established In fact most of the x aiieties of the peach which aie giown 
m middle Geoigia hax e been found to be affected to a ceitam degi ec Tho 
disease IS pie-valent on Elbeita Hdey Belle Belle of Gooigia Mayflowei 
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and J. H. Hale. It no doubt attacks other varieties. Owing to the fre¬ 
quent occurrence of the disease in plantings of Elberta, one is sometimes 
led to consider this variety more susceptible. On the other hand, it con¬ 
stitutes the largest ninnber of trees of any single variety planted in this 
section, and this fact alone may account for the large number of such trees 
affected by the disease. 

Presence of the disease on seedlings 

The phony disease has been found in the vicinity of Fort VaUey, Georgia, 
on seedlings which are now in their sixth season’s growth. Owing to this 
discovery, the nursery phase of the problem immediately presents itself 
for careful investigation. The following points appear to be extremely 
important in this connection, and are now being actively investigated by 
the writer. First, does the disease have its origin to any extent in the 
nursery, especially in the localities where nursery stocks are propagated 
for this section? Second, is the phony disease, like yellowrs and peach 
rosette, transmibtable by budding? 

Pending the outcome of experiments which are now in progress bearing 
upon this particular phase of the problem, it would appear to be only the 
part of sound judgment for the orchardist and the numeryman to famil¬ 
iarize themselves with this relatively little known peach disease. They 
should certainly exercise the greatest caution in their selection of budwood 
from those regions which are known to be infested, in order to avoid dis¬ 
seminating the trouble to other localitieB which are free of the disease. 

Georgia State Board oe Entomology 
Thomasvtllb, Georgia 



PLATE rX 

Fi&. 1. A peach tree of the J. H. Hale variety now in its sixth year, showing 
typical symptoms of the phony disease. Note the short, stubby growth of branches 
and the dark green compact foliage. Photographed August 16,1919. 

Pig. 2. A healthy tree of the same variety and of the same age growing in an 
adjoining row. Photographed August 16,1919 
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PHYTOPATHOLOGICAL NOTES 


Late seasonal ptoduc^ion of aeda of Cronartium ribicola. A freshly ma¬ 
tured aecium of Cronartium nbicola was observed by the writer on a native 
tree of Ptnus strobus near Amery, Wiscongon, September 16, 1919. It had 
developed at the upper end of a lesion, which had resulted from a natural 
infection and which had borne eight normal sized aecia early in the season. 
The lesion was on a branch which was about ^ inch in diameter at the 
place of infection. 

The aecium was of recent origin since the newly ruptured peridium was 
filled with bright orange-colored spores. Dr. Perley Spaulding, of the 
Bureau of Plant Industry, Dr. S. B. Fracker and Mr. H. J. Ninman, of 
the Wisconsin State Entomologist’s Ofl&ce and Prof. John W. Stephens, 
of the University of S 3 rracuse were with the writer at the time the aecium 
was found. Mr. Ninman stated at this time that one or two days previ¬ 
ously he had seen two similar aecia in the same locality. The writer ob¬ 
served a newly developed aecium of Cronartium nhicola near Littleton, 
N. H., July 21, 1918. Aeciospores of this fungus are known to be carried 
many miles by the wind. Puzzling occurrences of this fungus on Itibes late 
in the season, which had been earlier apparently free from disease, may be 
explained by the presence of such late aecia. Judging from the observa¬ 
tions of Miss Dosdall (Phytopathology 8: 619,1918) it seems that spores 
of such late seasonal development as mentioned above may over-winter 
in the aecia and become a source of early infection in the following season. 

H. H. Yobk. 

Personals. Mr. H. P. Bam has been appointed pathological inspector 
for the Federal Horticultm’al Board, U, S. Department of Agriculture, to 
take ehaige of the treating of seeds and plants in connection with the in- 
speotion work at Washington, D. C. iVbr. Bain is a graduate of Brown 
University and has recently received his discharge from the Army. 

Dr. John P. Benson has resigned his position as assistant pathologist 
in the Office of Cotton, Truck, and Forage Crop Disease Investigations, 
Bureau of Plant Industry, to become assistant professor of agricultural 
extension in the University of California. He is now detailed as farm 
adviser to Fresno County, with headquarters at Fresno. 

Mr. Chas. R, Hursh and Mr. A. A. Potter, formerly asastant patholo¬ 
gist in the Office of Cereal Investigations, Bureau of Plant Industry, 
!^ve left the Departmental service, tiie former to take up graduate study 
at the University of Chicago and the latter to take up work in the 
agricultural division of the Bureau of the Census. 
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BACTERIAL BLIGHT OP SOYBEAN 
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With Five Figehes in the Text 

INTRODUCTION 

For several years, especial attention has been given at the North Caro¬ 
lina Agricultural Experiment Station to the diseases of soybean, Soja max 
fL.) Piper. The most important diseases of this crop within the State 
have been found to be Fusarium blight or wilt, caused by Fusarium 
tracliGiplnlum E. P. S., and bacterial blight. Careful investigation of the 
fonnor of those diseases has been made by Cromwell (2), whereas all exist¬ 
ing published accounts of the latter have been found to consist of frag- 
mentaiy notes. 

The present studios on bacterial blight have been directed mainly toward 
the isolation of the causal organism, its identification, and the procure¬ 
ment of evidence of its pathogenicity. In addition, certain field observa¬ 
tions and laboratory studies have been made during the past three sea¬ 
sons which fmther contribute to om knowledge of this disease and are 
consequently recorded in the present report. 

HISTORICAL ACCOUNT 

The first mention of the occurrence of bacterial blight of soybeans 
appears to have been made by Heold (3,4) in 1905. His account consists 
of a brief description of the appearance of the disease, with the suggestion 
that it is of bacterial origin. Subsequently, Smith (7) and Clinton (1) 
report the occurrence of a bacterial leafspot of soybean, and the latter 
author states that the disease in Connecticut is like the one described by 
Heald (3, 4) in Nebraska. Apparently, the only critical investigation 
of bacterial blight which has been made was conducted in Wisconsin by 
Johnson and Coerper (5). They isolated a white bacterial organism r(^er- 
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able to the genus Pseudomonas, which they proved to be pathogenic. 
However, the detailed report of these isolation and inoculation studies 
and description of this organism appears never to have been made.^ 

A brief report of the present auriior’s work in manuscript form, in which 
the causal organism is designated Bacterium ai^ae n. sp., was prepared 
by Tisdale (8). The manuscript on bacterial bli^t, dealing with the 
investigations conducted during 1917 and 1918, has been supplemented 
and modified by studies made during the past season and is presented 
herewith. 


AFPEABANGE OF THE DISEASE 

Bacterial blight of the soybean has been observed upon plants varying 
in age from seedlings to mature plants. It may appear upon the cotyle¬ 
dons or upon the true leaves in any stage of their development. Appar¬ 
ently stems and fruits are free from invasion by the parasite. The disease 
is, furthermore, widely distributed throughout the State, since it has 
been noted in practically every soybean field which has come under 
observation. 

The first evidence of the disease which has been noticed is the presence 
of lesions on the cotyledons just as they are emerging from the ground. 
The l^ons pr^ent at this time are usually marginal and are in the begin¬ 
ning little different in color from the normal tissues. They rather rapidly 
become brown, however, and meanwhile the tissues have shrunken and 
collapsed and the area of invasion may have enlarged, ejctending back¬ 
ward toward the h 3 ^ocotyl. In extreme cases both cotyledons are de- 

I Since this manusoript was submitted for publication, a report of investigations 
on “Bacterial Bli^t of Soybean” (Coerper, Florence, M. Jour. Agr. Ees. v. 18, No. 
4, p, 179-194, pis. 12-18, one color^ plate and one text figure, 1919), in Wisconsin, 
bas appeared. This disease appaiently differs in several respects from the one 
occurrmg m North Carolina in wbioh, (1) the diseased areas are tyjnoaUy not so dark 
and usually remain intact; (2) the dried exudate is gra3riBh and not brownish; (3) 
leaf parmicbyma and cotyledons only are involved, smce careful search during three 
seasons has failed to reveal lesions on petioles, stems, legumes, or seeds. The seed 
are believed to become oontamioated by the washing of the parasite from the leaves 
only after the dehiscence of the legumes, smd appaiently normal seed, when planted, 
give rise to seedlings whose cotyledons are affected; (4) colonies of Bactenwn sojae 
are smaller than Boctenim glyctrmm and the former organism is furthermore smaller 
than the latter. No strains of B, aojae with umbonate center, with wrinkled or con¬ 
voluted surface, or which produce brown pigment, grow in the closed arm of fermen¬ 
tation tubes, or produce acid from the several sugars, have been isolated. At least 
a dozen strama have been isolated by the writer and three of them have been used, 
with concordant results, in the cultural studies. 

The name Southern bacterial bli^t of soybean is therefore tentatively applied 
to the disease under consideration. 
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stroyed and the hypocotyl is involved, thus causmg the death of the seed¬ 
ling. Species of bacteria other than the parasite are always present in 
mature lesions on the cotyledons. In some instances one cotyledon only 
is involved in decay. Lesions which are marginal in origin are commonly 
irregular in outline, whereas those present on the outer surface of the 
cotyledons are commonly circular (fig. 3). 

From the cotyledons the infection is spread to the first pair of true 
leaves and thence to other leaves. The occurrence of characteristic spots 
(fig. 4) which have manifestly arisen from infection from the cotyledons 
has often been noted on plants grown eitha: in the field or m the green¬ 
house. These spots are first evident as small, water-soaked areas. The 
invaded tissues change in color to yellow, then to brown, becoming at 
maturity a very dark shade of brown dr even purplish black. There is a 
retention of the translucent character, and individual lesions remain small 
and angular. The presence of a large number of lesions in close proximity 
may result in their confluence. Large, irregular d^ad areas may thus be 
formed, which may fall away, leaving perforations or notches. An in¬ 
definitely limited zone of yellowish tissue surrounds each lesion and may 
involve all of the intervening tissue (fig. 6). At this stage, dependent upon 
the severity of the infection, more or 1^ defoliation results. 

One of the distinctive features of the disease is the occurrence of a bac¬ 
terial exudate on the lower leaf surface of the lesion. Under humid con¬ 
ditions, or if the leaves have been wet with rain or dew, turbid white 
droplets collect on the lesions. Otherwise, this exudate may appear as a 
hard, glistening film, which quickly redissolves when moisture is supplied. 

THE OBGANISH 

IsohUon 

A large number of isolations have been made from fredily invaded 
areas and mature lesions on leaves, from the exudate, from leaves which 
had overwintered in the field, and from lesions on cotyledons. Little 
difi&culty was encountered in isolating the specific organism from any of 
these sources, especially after acquaintance with its appearance in cul¬ 
ture. The organism was obtained oft^ with an admixture of other species, 
but with the pathogenic form predominating, by one of the following 
methods: 

X. The invaded areas, whose surface had been washed and disinfected 
in 95 per cent alcohol or 1:1000 mercuric bichlorid, were cut into pieces 
and laid, witlv aseptic precautions, upon the surface of nutrient 'agar 
plates. Abundant bacterial growth spread from the edges of these pieces 
of tissue. In a few cases the parasite could be transfeixed in pure culture* 
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directly from these planted plates but most commonly the resultant 
growth was a mixture of species wMch were then separated by dilution 
cultures. 

2. 8mall pieces cut from the lesions both directly and after surface 
disinfection were immersed in bouillon and after the bacteria had migrated 
from the tissues and diffused throughout the bouillon, poured plates were 
made. When proper dilutions were made isolated colonies of the para¬ 
sitic form could thus bo obtained in these poured plates. 

3. A copious whitish exudate appeared on the lower leaf surface of 
areas which had been washed and disinfected. Some of this exudate was 
transferred by means of a sterile needle te tubes of sterile water, making 
a bacterial suspension from which successful platings could readily be 
'Obtained. 

4. A lesion, with no previous attempt at surface disinfection, was thor¬ 
oughly macerated in a drop of sterile water on a microscopic slide, A 
platinum loopful of this macerated material was transferred to one edge 
•of a hardened agar plate and spread with the loop over the surface of the 
agar. Colonies of the causal organism, well isolated from other species, 
developed on these plates and were transferred directly to slant agar 
tubes. This is essentially the same method of isolation as is used in iso¬ 
lating B. typhosus. It is superior in the writer’s hands to the other methods 
employed since it has yielded uniformly successful results. 

Morphology 

Vegetative cells. The piimary cause of soybean bacterial blight is a 
■white, rod-shaped organism with rounded ends. When taken from lesions 
it is found to occur singly or in pairs. In nutrient broth, however, it may 
form short chains of foiu or five elements. The individual rods measuro 
1.2 to 2.6 by 0.8 to 0.9 p. 

Endospores. Endospores appear not to be formed, even in old agar 
•cultures which were stained with Zeihl-Neelson carhol fuohsin. 

Flagella. When the organism from lesions, from beef broth, and from 
agar is examined for motility, it is seen to possess the power of rather 
active locomotion. This movement is made possible by thj presence of 
■polar flagella, 3 to 6 a in length, as has been demonstrated in four strains 
^of the organism. Use has been made of Morrey’s (6) modification of 
Loeffler’s method on 18 to 24-hour agar cultures. Usually there is a single 
flagellum, although individuals with two, three, or four flagella have been 
-observed (fig. lb). 

Capsuhs. A well-defined capsule is readily demonstrable by Welch’s 
method (fig. Ic), whether the p^asite is taken directly from invaded 
tissues or from culture on solid media. 
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Zoogloeae. Zoogloeae have not been seen in cultures on bouillon or 
milk. A thin pellicle appears at the surface of liquid media, but it never 
becomes zoogloeae-likc. 

Involution forms. No involution forms have been observed. 

Staining reactions. The organism stains readily with carbol fuchsin 
(fig. la), methylene blue, and gentian violet, in both aqueous and alco¬ 
holic solutions. It is not acid-fast nor retentive of Gram’s stain. 

Cultural characters. In the cultural studies use has been made mostly 
of peptone-beef agar and bouillon to which either dextrose, lactose, sac¬ 
charose, or glycerin had been added. The reaction, as indicated by phenol- 
phthalein, following boiling of the solution tested, was neutral. The sev¬ 
eral carbon compounds were made up as 20 per cent solutions, sterilized, 
and only added with aseptic precautions to cooled agar or bouillon in the 
proportion of 5 cc. to 95 cc. of media. 

It was thought by this means to pre¬ 
vent the conversion of the complex 
carbohydrates through heating. 

Nutrient agar. In agar poured plates 
incubated at 20 to 25®C. the colonies 
may appear within twenty-four hom's 
or be first visible in forty-eight horns. 

At the end of four to five days the 
colonies are 2 to 3 mm. in diameter, 

‘circular, smooth, glistening, and pos¬ 
sess an entire margin. They are Fio. l. a, Bad. sojae stained with 
white, raised, and soft, but not "vdscid carbol fuchsin; 6, drawn from a prep¬ 
in consistency (fig. 2). Buried colonies ^ration stained with Morrey’s modi- 
are lenticular fication of Loeffler’s method; c, the 

^ 1 . .1 • V j j. capsulate condition of Bext. sojae 

On agar slants there is an abundant 

filiform growth in forty-eight hours, 

which widens at the base of the slant. The streak is opaque, raised, and 
glistening, with a smooth or slightly contoured topography. No odor is 
produced and there seems to be no change in the color of the medium 
beneath the bacterial growth. 

In stab cultures growth occurs only at the surface. After a month’s 
time the surface growth had covered the greater portion of the tube. 

Gelatin stab. The character of growth on gelatin stabs at 18°C. is 
confined to the surface. Within a month the surface will have been cov¬ 
ered, but there is no e-vidence of liquefaction. 

Potato plugs. Abundant growth occurs on potato cylinders, more 
spreading and fliat than on agar, and grayish-white in color. The lower 
portion of the streak near the surface of the water is more glistening and 
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more spreading than the upper part. No pronounced odor is developed 
and the substratum is not discolored. No change m medium is shown 
with iodine at the end of four weeks. A slight diastatic action in starch 
agar plates is evident, however, within two weeks. 

Bouillon. Peptonized beef-extract bouillon becomes slightly clouded 
within forty-eight hours and there is little or no increase in cloudiness 
subsequently. A delicate pellicle is formed at the surface. No sediment 
is foiTued and no perceptible odor develops. 



Fia, 2. Pocked PL.iTE op Bjvct. soj.\b on Nutrient Ao.vb 
The glistening surface with its lighter spots shows the reflection of windows 

• Litmus milk. The litmus milk was made violaceous in color and sub¬ 
jected to sterilization in an Arnold sterilizer four times at intervals of 
twelve hom’s. A week after inoculation, the blue color is intensified and 
approximates caeruleus. After two weeks a white precipitate is apparent, 
which increases as growth proceeds. Within a month, the color becomes 
less intense as a slight reduction of the litmus takes place. 



, Showing Characteristic Lesions 
with ray filter 
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Physical and biochemical characters 

Litmus agar. The carbon compounds, glycerin, saccharose, dextrose, 
and lactose from stock 20 per cent solutions, were added to cooled plain 



Fig. 5. Lesions on Soybean Leaves 

Considerable chlorosis and fusion of lesions is apparent. IJse was made of ray 
filter. One-half natural size. 


litmus agar tubes to make 1 per cent solutions of the respective sugars. 
Stab cultures on these media gave no evidence of acid nor gas formation 
after thirty days' incubation at 20®C, 
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Fermentation tubes. In peptone broth to which the several carbon com¬ 
pounds had been added no gas was formed in the closed arm of any of the 
fermentation tubes. There is furthermore no appreciable change in 
acidity. The media in the open arm becomes moderately turbid, with 
the most copious growth in solutions containing lactose. No growth 
takes place in the closed arm, indicating that the organism is strictly 
aerobic. 

Nitrates. Tubes containing peptonized beef broth, to which 1 per cent 
potassium nitrate had been added, were used. At the end of five days, 
both control tubes and cultures were tested with starch-iodide solution. 
No blue color resulted indicating that there was no formation of nitrites. 

Indol. Ten-day-old cultures in Dunham’s solution were tested by using 
0.01 per cent solution of potassium nitrite and a few drops of concentrated 
sulphuric acid. No pink color developed even on gently warming the 
tubes. 

Thermal death point. The thermal death point of this organism as 
determined in the usual manner was found to be 52° C. 

Virulence. The parasite can withstand considerable exposure, since 
it has been possible to isolate it from leaves which had overwintered in 
the field. No tests have been conducted to determine its sensitiveness in 
culture to desiccation, sunlight, and cold. 

Group number. The group number, according to the descriptive chart 
of the Society of American Bacteriologists, is 212.3332023. 

COMPARISON OF THE SOYBEAN BLIGHT ORGANISM WITH OTHER BACTERIAL 

SPECIES ON LEGUMINOUS PLANTS 

Several species of bacteria parasitic on leguminous plants have been 
described, from all of which the form on soybeans appear to differ. It is, 
therefore, given a new specific name, Bacterium sojae, from the host upon 
which it is parasitic. The specific differences of the several species are 
smnmarized in table 1. 

R6sum6 of salient characters 

On the basis of the foregoing studies the parasite is manifestly distinct 
from species which are known to occur on leguminous hosts, and it may 
be briefly characterized as follows: 

Bacterium sojae n. sp.® Rods cylindrical, rounded at ends, singly or in 
pairs; elements 1.2 to 2.6 by 0.8 to 0.9 ix, motile by one to several unipolar 

8 Bacterium sojae sp. nov., Baculis cylindracia, apicibus rotundatia, solitariis 
aut geminis, 1.2 2.6 X 0.8 — 0.9 ju, flagello imo polare aut pluribus flagellis moti- 
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TABLE 1 


Comparison of bacteria parasitic on Leguminoseae 


1 

ORGANISM 

HOSTS 

AVERAGE SIZE 

GROUP NUMBER 

----—-- 1 

Bactenum sojae n sp. 

Soja ma.v 

2 3 x08/* 

Bact. 212 3332023 

Bacillus lathyrimanns 
and Taubenhaus 

Lathyrus spp. 
Trifolium spp. 

Soja spp. 

1.4 x 0 75/* 

B. 211.2222522 

Pseudomonas pisi Sack- 
ett 

Pisum sativum 
Pisum sativum var. 

arvense 

2.2 X 0 68 /i 

Ps. 211.2322033 

Pseudomonas medica- 
ginis Sackett 

Medicago sativa 

2 1 xO 7 ju 

Ps 212 3332133 

Pseudomonas phaseoli 
E. F. S. 

Phascolus vulgaris 

1 5 X 0 4 /* 

Ps. 211 3322513(?> 

Bacillus leguminiperdus 
von Oven 

Pisum sativum 
Phaseolus vulgaris 
Lupinus sp. 

2.1x0 8 At 

B. Ill.(?) 

Bacterium solanacearum 

E. F. S. 

Arachis hypogoea 
Stizolobium 
deeringianum 
Phaseolus vulgaris 

1.5 X 0 5 /< 

Bact. 21^.3333823 


flagella^ capsulate, no endospores, strictly aerobic. Gram-negative, not 
acid-fast. 

Superficial colonies on beef-peptone agar, circular, raised, smooth, 
shining, white, with an entire margin. 

Gelatin not liquefied; nitrates not reduced; neither acid nor gas pro¬ 
duced in cultures with various sugars. Group number Bact. 212.B332023. 

Pathogenic on leaves of Soja max, forming angular brown lesions. 

Type specimens have been deposited in the herbarium of the Office of 
Mycological Collections, Bureau of Plant Industry, Washington, D. C. 

libus; capsulatis; sporis non viais; aerobicis, methodo Grami non colomntis, cum- 
acidibus decoloratis. 

Colonia superficialibus in agar-agar orbicularibus, convexis, levibus, nitentibus, 
albidis; gelatinis non liquefacientibus. Nitrum non reducentibus. In mediis sac- 
charatis neque gasneque acidumevolvatis. 

Laesionibus foUorum Sojae macis primum tranducentibus deinde brunneolis 
angularisque. 






1920] 


Wolf; Soybean Blight 


129 


INOCULATION EXPERIMENTS 

The disease has been reproduced on soybeans with the characteristic 
sjnnptoms, by artificial inoculation with pure cultures, in several series of 
experiments during 1918 and 1919. The original organism has been re¬ 
covered in pure culture from five of these series and this reisolated organ¬ 
ism has been used in four series of successful inoculations. Typical lesions 
followed the application of the organism to uninjured leaves. The inoc¬ 
ulum consisted of a watery suspension of the organism and was applied by 
means of an atomizer. 

The pure cultures used in the artificial inoculations were obtained from 
three sources, i.o., newly formed leaf lesions, lesions on the cotyledons, 
and from leaves which remained out of doors from the autumn of 1918 
until March 10, 1919. Furthermore, a vratery suspension has been made 
from the bacterial exudate taken directly from the lesions and this crude 
inoculum sprayed on healthy soybeans. Old leaves collected in the field 
during March were macerated with a mortar and pestle, covered with 
water for several hours and then the supernatant portion used as a crude 
inoculum by sprinkling it upon normal plants. Infections similar to the 
natural ones developed in all cases, both from pure cultures and from 
crude inocula. The plants used for inoculation were grown out of doors 
and in beds and flats in the greenhouse. 

The following details will clarify the procedm*e employed in the inocu¬ 
lation experiments. A subculture was made on bouillon from a pure cul¬ 
ture of the parasite. The cultures when twenty-four to forty-eight hours 
old were employed as the inoculum, after having been diluted with several 
volumes of water, application being made by means of an atomizer. The 
plants were fii'wst drenched by means of a watering pot and the inoculum 
was sprayed ujion these wet leaves. Inoculations were made late in the 
afternoon and the plants were then covered with bell jai’s until the 
following morning. An incubation period of four to seven days followed. 
Mature lesions require two or three weeks longer for their development. 

Several other leguminous plants, including cowpea, Vigna sinensis, 
velvet beans, Stisolohium dcenngianiim, bur clover, Medicago denticulata, 
and white clover, Trifolium repens, have been employed with negative 
results in artificial tests. 

HISTOLOGY OP DISEASED TISSUES 

For the histological studies upon the pathology of bacterial blight, 
lesions in various stages of development, botli from natural and artificial 
infection, were fixed in 95 per cent alcohol, embedded in paraffin, sectioned, 
and stained with carbol fiichsin or preferably alcoholic methylene blue. 



130 


Phytopathology 


[VOL. 10 


Entrance of the parasite is vcrj’ evidently gained through the stomates. 
In the young infections invasion was confined to the intercellular spaces, 
where the organism developed so abundantly as to completely occupy 
the spaces and to force out the air, thus accounting for the translucency 
of lesions. In mature lesions the intracellar spaces are rather closely 
packed with bacteria. Whether the collapse of the walls and the general 
invasion of older lesions is due to Bad. so joe is not known, since a j^ellow, 
one-fiagellate organism is constantly associated with the parasite in old 
lesions. 


VAEIETAL SUSCEPTIBILITY 

Opportunity has been afforded, through the courtesy of the Department 
of Agronomy of the North Carolina Experiment Station, during the sea¬ 
sons of IQlfi and 1917, to make observations® on all of the more common 
varieties of soybeans, including Mammoth Yellow, Haberlandt, Black 
Eyebrow, Tar Heel Black, Brown, Peking, Tokio, Virginia, Barchet, 
Chiquita, Guelph, and about 40 numbers from the Office of Seed and 
Plant Introduction. These varieties are gi*own in adjacent rows, giving 
ample opportunity for the spread of infection. Where evidence of differ¬ 
ence in relative disease resistance did appear it is not believed to be due 
to innate qualities, although the observations are not sufficiently extended 
to justify passing final judgment. 

OVERWINTERING AND DISSEMINATION 

No observations have been made on the extent of injury from bacteria 
blight to the seed, but it is believed to be of no economic importance 
It is believed, however, that the seed are primarily responsible for the 
overwintering of the disease and for its introduction into new localities. 
Seed infection does not appear to occur until after the pods have matured 
and opened since lesions upon the pods have never been observed. The 
wetting and di'ying of seed in the field would at least afford ample oppor¬ 
tunity for the organism to be washed from the leaves and to gain entrance 
to the seed or adhere to its surface. As has already been pointed out, 
lesions may occur upon the cotyledons and may be the source of infection 
for the primary leaves. From these the disease is gradually spread to other 
leaves. At least a score of field observations throughout three growing 
seasons add indirect evidence bearing on the persistence of the organism 
in the seed. Fields in which soybeans are gi’own for the first time are com¬ 
monly more or less affected with bacterial blight. In several instances 

•From the notes af Dr. E. 0. Cromwell, formerly Assistant Plant Pathologist, 
North Carolina Agricultural Experiment Station. 
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the&e fields were miles from the nearest soybean field and were planted 
with seed from fields in which the disease is known to have been present 
during the previous year. Furthermore, plants coming from seed wliich 
has lain in infested fields during winter are early affected with blight. 
Since fallen soybean leaves decompose rather quickly, they arc not believed 
to be responsible for infection at this time. The organism can hibernate, 
however, in leaves, as has been pointed out, in case the piling of the leaves 
prevents their decomposition. 

Water is beyond doubt the chief agent for local distribution of the 
parasite. Beating rains could readily scatter the bacterial exudate from 
the surface of invaded tissues to adjacent leaves. A series of observations 
in 1918, in a field in which soybeans had been planted in drills eight inches 
apart, showed convincingly the influence of showers upon the spread of 
the disease. In 1919, a field which had never previously been seeded to 
soybeans was found, on June 12, to contain an occasional plant whose 
primary leaves were badly diseased. A rainy period of several days* dura¬ 
tion followed, and on July first, when next this field was visited, nearly 
every plant in the field bore numerous affected leaves. Attempts to asso¬ 
ciate the spread of soybean bacterial blight with leaf-hoppers, insects 
commonly present on soybeans, have given negative results. 

SUMMARY 

Bacterial blight of soybeans is a disease whose presence appears to have 
been first recorded in Nebraska in 1905. It has subsequently been reported 
from Connecticut and Wisconsin, and the present investigation concerns 
its occurrence within North Carolina. 

The lesions on the leaves begin as small, angular, water-soaked areas, 
which enlarge and change in color, becoming at length dark brown to 
purplish-black. Tho suiTOunding tissues are more or less chlorotic. 
Lesions may also bo present on the cotyledons. 

Under humid conditions a bacterial exudate may collect in whitish 
droplets on the lower leaf surface of lesions on soybean. This exudate on 
drying forms a fihn which covers the invaded area. 

Infection appears to spread from the cotyledons to the true leaves and 
from these to other leaves. 

The parasite has, on numerous occasions, been isolated from the in¬ 
vaded tissues and from the bacterial ooze. It is rod-shaped, fkgellate, 
white in culture, is found to have the group number Bact. 212.3332023, 
and is herein described as Bacterium sojae n. sp. 

When watery suspensions of the organism are applied to uninjured 
leaves infection will be evident within four to seven day.s. 



132 


Phttopathologt 


[VOL. 10 


Infection takes place through stomatal invasion, whence the organism 
passes into the intercellular spaces and probably becomes intracellular. 

No evidences of differences in susceptibility of varieties of soybeans 
have been observed. 

Infected seed are believed to be the chief means by which the disease 
is carried over winter and by which it is introduced into new localities. 
Leaves which remain out of doors over winter have been found to harbor 
this parasite. The disease is spread in the field by splashing rains. 
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SOME INSECT RELATIONS OF BACILLUS TRACHEIPHILUS 

ERW. SM. 

Fbbdbbick V. Rand and Lillian C. Gash 
With One Fiatran in the Text 

The studies on insect transmission of bacterial wilt of cucurbits by 
Rand^ (1916) and by Rand and Enlows*** (1916, 1920), after a temporary 
cessation due to the war, have again been resumed, and it has seemed 
advisable to set forth some of the results obtained during the past season. 

BEETLE DISSECTIONS AND ZNOCUDATIONS 

Previous tests had given infection^ (1920) from the viscera, as wdl as 
somewhat less frequently from the mouth parts of a small percentage of 
striped and 12-spotted cucumber beetles {JCHabroUca viUaUi, and D. duo^ 
decempunda) fed directly upon wilted plants, when these beetle parts were 
directly inoculated into needle-pricked cucumber leaves. It was thought 
desirable to make similar tests throughout the summer using striped 
cucumber beetles taken from the fields at large. Collections began with 
the first spring appearance of the beetles in the vicinity of Washington, 
D. C. In no case were these insects broi:^ht into contact with the wilt 
organism (Bcunllus trach&iphilus) subsequ^tly to their collection in the 
fields. In cases of inoculation with the viscera alone the beetles were 
shaken three to five minutes in a 1-1000 solution of mercuric chloride in 
76 per cent alcohol and then washed several times in tap water before 
dissection. Where the mouth parts also were used for inoculation they 
were first removed with a cold sterile scalpel, and the viscera ilien taken 
out under conditions precluding external contamination. Laoculations 
were then made by macerating the part to be tested in a drop of water 
and pricking it into a young cucumber leaf. In no case were the plants 
placed in damp chambers but usually the inoculations were made under 

1 Rand, Frederick V, Dissemination of bacterial wilt of cucurbits. Jour. Agr. 
Research 6:257-260,1 pi. Nov. 8,1915. 

* Rand, Frederick V., and Enlows, EUa M. A. Transmission and control of 
bacterial wilt of cucurbits. Jour. Agr. Research B: 417-434, 3 fig., 2 pi. June 12, 
1918. 

’ Rand, Frederick V., and Enlows, Ella M. A. Farther studies of bacterial wilt 
of cucurbits. TJ. S. Dept. Agr. Bui. 1920. 
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shade. In all cases of positive results the perfectly definite signs of the 
disease were further checked up by tracing the origin of wilt to the inocu¬ 
lation points and by a microscopical examination of the cut stems showing 
the vessels to be occluded with bacteria. In the first two cases Bacillus 
tracheiphilus was plated out and successfully inoculated into cucmnber 
plants. All inoculations up to May 28 were made upon potted cucumber 
plants in the greenhouse at Washington, D. C., and subsequent inoculations 
were made at Tuxedo, Md., inside of large field cages covered with wire 
netting 18 meshes to the inch. The details of this series of dissection 
inoculations follows: 

May 19: 165 male and 90 female beetles wcie collected from the earliest cucurbit 
(cjmbling or scallop squash) field m the vicinity of Tuxedo, Md.; dissected and 
inoculated the following day. Wilt resulted fiom the visceia of ono male and one 
female beetle, and Bacillua ti arheiphilus was isolated from each of those plants and 
successfully inoculated agam into cucumber plants Those beetles were col¬ 
lected fifteen to eighteen days before wilt appeared in this field or m thoviemityof 
Washmgton. 

May 32: 197 males and 99 females from the same cymblmg field; dissected and 
inoculated the followmg day. Wilt losulted from the viscera of one male. 

May 24-• 96 males and 65 females from Giosboro Point, D. C.; dissected and inocu¬ 
lated three days later. Results negative. 

May j 37. 25 males and 24 females from the same locality; dissected and inoculated 
the followmg day. One case of typical wult started from the visceral inoculation of 
one male beetle but the plant was accidentally destroyed before final notes wore 
taken. 

Collections of May 28 to June 6 from cucumber and cymbling fields in the vicinity 
of Tujcedo, Md., and Giesboro Pomt, D. C., aggregating 297 males and 192 females; 
di'*6eetod partly on tho date of collection, partly on the day following and in a fow 
cases on the second day following, all gave negative results. 

Juno 11: 22 males and 6 females; dissection and inoculation at once from mouth 
parts and viscera separately. WiH resulted m inoculations from the mouth parts 
of one male and one female rospeolively, but in no other eases of mouth jinits or 
viscera. These beetles were collected from two cymbling fields where an occasional 
natural case of wilt had developed subsequently to Juno 6, and about half of tho 
booties WTre taken directly from wilting plants. 

Jfine 16' 60 males and 23 females collected on healthy young cuoumlior plants 
at Groenport, Long Island, N. Y., in a field whore an occasional wilting plant was 
to be found. These beetles were fed for five days on young bean plants (non-sus- 
ceptible to wilt) before dissection and inoculation at Tuxedo, Md. The viscera of 
two males and one female gave typical wilt infection. 

Jwnc; 18: ^ males and 7 females collected on cymbling in the vicinity of West 
Plains, Long Island, N. Y.; dissected and inoculated three days later at Tuxedo, 
Md. Results negative. No wilt was present in the field where those beetles wore 
coUeoted. 

June 18: 70 males and 14 females from young cucumbers near Galverton, Long 
Island, N. Y.; dissected and inoculated 3 days later at Tuxedo, Md. Wilt resulted 
from the viscera of one female. No wilt was foiind in this cucumber field nor in 
the vicinity of Galverton. In fact, most of the cucurbits in this locality were just 
breaking tlbough the ground. 
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June SI: 63 males and 38 females from the cucumber variety plats, Tuxedo, Md ; 
dissecled and inoculated at once from mouth paits and viscera sepaiatcly. Infection 
followed from the viscera of one male, but none from the mouth parts of any. 

Auyuat 6: 60 beetles, in part recently pupated adults from the experimental plats. 
Tuxedo, Md.; dissected and inoculated on the same date. Wilt resulted from the 
viscera of one matuie female. 

August 18: 48 beetles in part lecently pupated adults from the same field, dis¬ 
sected and inoculated on the same date. Results weie negative. 

Some of these positive results were obtained from the first beetles col¬ 
lected (May 19) in the earliest cucurbit plantings in one locality, -whereas 
careful observations in this locality revealed no cases of wilt until eighteen 
days later (June 6), these few cases having developed in the experimental 
plats between the observations of June 3 and June 6. Including all eases 
where the sex of the beetles was recorded (up to August collections) an 
aggregate of 1027 males and 548 females "was used. Of all positive results 
from visceral inoculations with those beetles 6 were from male and 3 from 
female individuals. Since approximately t-wice as many males as females 
were used the ratio between male and female carriers was therefore one 
to one. 

One of the visceral infections followed from inoculation on the date of 
collection; four from inoculation one day after collection, one from inocu¬ 
lation three days, and three from inoculation five days after collection. 
In the latter case the beetles were fed during the interim upon young bean 
plants, in all other cases upon young, healthy cucumber seedlings free 
from beetle injuries. The greater poition of the inoculations were made 
one day after collection of the beetles, and with the exception of an occa¬ 
sional 12-spotte(l beetle all were striped cucumber beetles. 

Out of the two sets of inoculations with mouth parts of beetles taken 
in part from wilting plants in the field, infection resulted from one male 
and one female out of an aggregate of 85 males and 44 females. 

supplementary experiments 

As a ehe(‘k upon these dissection and inoculation tests a portion of each 
collection of beetles (several hundred in all) made between May 19 and 
29 were enclosed with young cucumber plants in a new field cage about 
40 feet square, covered with new 18-mesh -wire netting and provided with 
a solid board base extending 18 inches into a clay subsoil. In this cage 
on June 11 several cases of typical wilt were found starting from beetle 
injuries on the leaves. On July 3 the plants in this cage were carefully 
gone over and 19 cases of typical -wilt foimd—all ha-vdng apparently started 
from beetle injuries and all unquestionably from the beetles inserted. 
Pure cultures of Bacillus iracheipfiilus were obtained from several of these 
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plants and subsequent inoculations with these cultures were successful. 
It should be recalled that all of these beetles were collected and im¬ 
prisoned before there was any wilt in the surrounding fields. 

As a corollary to this experiment about two. dozen small cone cages of 
18-mesh wire netting were placed over as many young cucumber hills 
(June 4), the striped cucumber beetles present and gnawing the leaves 
first being driven away. One cclse of wilt, the first of the season in the 
vicinity of Tuxedo, Md., was observed under one of these cones on Juno 
6, the first case in the field. On June 11 five other plants under five other 
cones were found wilting. All these cases had started from injuries made 
by cucumber beetles before the application of the cones on June 4, and 
no beetles had been found on any of these plants since that date. Wilt 
first appeared in the cucumber variety field outside of the cages on June 
6 when about a dozen cases were found, all likewise having started from 
beetle injmies. 

In all cases of natural infection seen during this series of studies (1914- 
1920) in which observations were made early enough in the course of the 
disease to detennine the point of origin, the wilt clearly has always started 
from injuries identical with gnawings known to have been made by cucum¬ 
ber beetles. Experiments already reported, loc. cit. 2,3 (1916,1920), have 
shown that stomatal infections do not take place. In addition to these 
results, recent experiments seem to indicate that infection does not take 
place unless the bacteria are brought into contact with injured portions 
of the vascular system. In several series of exp^iments with young 
cucumber plants the epidennal and subepidermal cells were scratched with 
a sterile needle without going deep enough into the tissue to reach the 
vascular bundles. The surface of these scratched stems were smeared 
with virulwat wilt bacteria. In no case did wilt follow although 100 per 
cent infection resulted when these same cultures were smeared over the 
deeply pricked stems or leaves of similar plants. 

The results of these tests, as of the early spring dissection and inocula¬ 
tion experiments, indicate that a small percentage only of striped cucumber 
beetles harbor the wilt organism when or soon after they enter the cucurbit 
fields in the spring, and that the bacteria thus carried gain entrance only 
through fresh injuries reaching to the vascular tissues. 

INTEBTINAIi ISOLATIONS 

The dissection and inoculation tests of this and precediug seasons have 
demonstrated the presence of BadUus irctcheipMlibs in the intestines of 
occasional striped and 12-spotted cucumber beetles. It only remained 
to actually culture out the organism. ‘On November 8, 1919, twelve 
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striped cucumber beetles previously fed on wilting cucumber plants for 
two weeks were held in a clean glass jar without food for four hours. 
These beetles were then placed in a sterile test tube and shaken for a 
moment in 95 per cent alcohol and then for two minutes in mercuric 
chloride water (1-1000). The beetles were then washed four times in 
sterile tap water, placed in separate sterile Petri dishes and the viscera 
removed by cutting the tip of the abdomen with a sterile scalpel and 
squeezing out the contents onto the sterile glass by an oblique backward 
movement of the scalpel. The viscera from each beetle were macerated 
in a test tube of sterile beef bouillon, let stand for half an hour and then 
dilutions made in further tubes of bouillon, whereupon Petri dish cultures 
were made in plus 15 beef agar. In this manner Badlhis irachdphilus 
was obtained in pure culture from the viscera of three (Nos. G, I, K) out 
of the twelve beetles tested. These cultures were checked up by successful 
inoculations into young cucumber plants. 

The abdominal remains of each of these twelve beetles were macerated 
in a drop of water and used at once to inoculate the pricked leaves of 
twelve young cucumber plants, as a check on the isolation test. Typical 
wilt resulted from one (No. K) of these direct inoculations, and this was 
onb of the three beetles giving the wilt organism from the visceral isola¬ 
tions. The juice of this wilted plant was used to directly inoculate a 
healthy cucumber plant which later developed the disease. 

FECAL INOOULATIONS 

Held observations in the early morning had many times shown what 
appeared to be the feces of cucumber beetles mixed in the dew over portions 
of cucumber leaves showing beetle injuries. Subsequently some of these 
leaves were foimd with bacterial wilt starting from the beetle injuries. 
Furthermore; preliminary field experiments in which different sets of 
caged cucumber plants were artificially inoculated by needle pricks from 
pure culture (1) after sundown and (2) on the following morning when 
it was hot and sunny, had given a hi^er percentage of infection from the 
evening inoculationB. In one test all of the six plants inoculated at night¬ 
fall developed wilt, while all of the six plants inoculated the following 
morning remained free from the disease. These facts suggested the 
possibility of fecal infection in the dew over fregli abrasions on the leaves. 

Accordingly a series of experiments was carried out to clear up this 
point. On November 8,1919,18 striped cucumber beetles, previously fed 
for three weeks on wilting cucumber plants, were placed in a clean, dry 
glass vial and the feces collected after two hours. This fecal matter was 
then macerated in a few drops of water and inocul&ted by needle pricks 
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into the leaf of a young healthy cucumber plant in the gi'oenhouse. The 
results of this experiment were negative. This test was repeated, collecting 
the fecea over night, and with a like negative result. 

As a result of these two experiments it was thought possible that if the 
feces V ere not allowed to diy, and if air conditions comparable to the dew 
point in the field were given, a different result might follow. Accordingly 
on December 25,16 striped cucumber beetles, previously fed for sevonteen 
days on wilting cucumber plants, were caged in small vials, 4 to a vial, 
diroctl 3 ' over j'oung cucumber leaves in such a way that the feces would 
drop through to the leaves without aUowing the beetles themselves to 
come into contact with the leaves (fig. 1). The cucumber leaf was sup¬ 
ported upon a heavy cork and covered with another piece of cork | inch 
thick. A section of tliis thin cork imdcr the bottomless vial was cut out 
and the lower end of the vial separated from this opening through the 
cork b^' a ^all piece of galvanized iron wire netting, 18 meshi^s to the 
inch. The leaf was moistened, pricked with a sterile needle, and the 
beetles were then introduced through the upper opening of the vial, which 
w’as closed with a cork stopper and the whole apparatus held in a damp 
chamber over night. The presence of the cucumber loaf and the access 
to air below, kept the beetles most of the time near this end of the vial 
so that the feces readily fell through the netting and the following morning 
were observed on the leaf below. The beetles themselves, however, could 
in no way reach the leaf. The apparatus was set up at night and removed 
the following morning, after which the plants were held in the beetle-free 
greenhouse for observation. On December 6 one of the four plants was 
starting to wilt from the moculated portion and thi’ee days later the whole 
plant had succumbed. Microscopical examination of the cut stem showed 
the presence of bacteria in the vessels and direct inoculation of a healthy 
cucumber plant with the juice from this stem induced the disease. 

These same beetles were then caged for three days more on a wilting 
cucumber plant and the experiment repeated in an identical manner, and 
with the same results. One plant out of the four wilted and Bacillm 
fracheiphilus was isolated from it and subsequently checked up by success¬ 
ful inoculation into a healthy cucumber plant. 

As a further control on this series of experiments the same set of beetles 
was ci^ed over night with a wilted plant and then (December 29) removed 
and each of the sixteen beetles at once dissected. Inoculations were made 
to separate plants with the month parts and viscera and all held over 
night in a damp chamber. Four eases of wilt resulted from inoculations 
with the mouth parts of the sixteen beetles and five cases from those 
inoculated with the viscera. Two of the mouth part infections were from 
beetles showing no visceral infection. 
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Fig 1 AppAKATTjsUsrD roK Obtaining Fecal Intections -with Bacilles 
TOACHEIPHILE& WiaHOET CONTACT BETWEEN InSECTO AND PLANT 
Photograph by J T Bre^ver 


140 


Phytopathology 


[VoL. 10 


In a subsidiary test (December 6) where seven beetles, previously fed 
for eighteen days on wilting cucumber plants, were taken directly for 
inoculation, two cases of wilt resulted from the visceral inoculations but 
none from the mouth parts. These plants were not held over night in 
a damp chamber. 

STJMMABY 

It is clear that a small percentage of striped cucumber beetles harbor 
the wilt organism internally when they enter the cucurbit fields in the 
spring and there appears to be no other source for their infection than 
the cucurbit crop of the preceding autumn. Infections may taJce place 
from the mouth parts, at least for a limited time after feeding upon 
wilted plants, and infections are shown to occur when the feces of some 
beetles, but not all, come into contact with fresh injiuies to the leaves. 
Infections take place only through injuries involving the vascular 
system. Bacillus tracheiphilus has been isolated dhectly from the viscera 
of wilt-fed striped cucumber beetles. Beetles of the genus Diabrotica 
(proved for two species) are the only caiTiers of the disease so far known 
in nature. 

Laboratoet of Plant Pathology 
Bureau of Plant Industry 
Washington, D. C. 



NOTES ON SOME DISEASES OF ASPEN 

Carl Hartley and Glenn G. Hahn 


With Three Figure > in the Text 

The quaking aspen, Popidiis tremuloides Michx., probably the most 
widely distributed American forest tree, is in places unusually subject 
to disease. In the Pike’s Peak region in east-central Colorado diseases 
ai'e so destructive as to suggest that they may be quite as largely respon¬ 
sible there for the short life of aspen stands as the shading by the more 
tolerant conifers, to which aspen replacement in the East is commonly 
ascribed. The damage done by disease in the aspen in this district is 
not equalled in any other native American tree of which the writers have 
knowledge in any part of the country. Death of isolated trees as well as 
of those in groups regularly occm’s much before maturity. Observations 
in the Wasatch Mountains of Utah, where aspen seems to be a less tempo¬ 
rary forest type, indicate that diseases are decidedly less destructive there. 
The most prominent of the diseases noted are described in the following: 

LEAF TROUBLES 

The most prevalent leaf disease in the Pike’s Peak region is that caused 
by Sclerotium hifrons. The disease is chai*acterized by the death of the 
entire leaf. Half of the foliage over considerable forest areas is sometimes 
killed. The greatest prevalence is near streams. The dead leaves are 
typically persistent until autumn. In August one to five, or more, defi- 
nitety outlined areas in each leaf become thicker and darker than the rest 
of the leaf, and usually drop out before the leaf falls, resulting in a shot- 
hole effect. The sclerotia vary from brown to black, with nearly white 
interior tissue. They are circular’, ellipsoid, or sometimes irregularly 
lobed, with diameters usually between 2 and 8 mm., 3.5 mm. being a very 
common diameter. Attempts were made to develop fruits from these 
sclerotia. Fresh sclerotia were washed in mercuric chloride solution and 
planted in six different kinds of nutrient agar (prune, rice-stem, potato, 
cornmeal, beef and saccharose, and cornmeal and saccharose). The 
cultures either remained sterile, or yielded only Cytospora sp., which fruits 
commonly on dead aspen bark in the Pike’s Peak region. Sclerotia placed 
on the ground in loose cloth sacks near the point of collection (9000 feet 
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elevation, Pike National Forest) and at Great Falls, Virginia, in the 
autumn, showed no change by the following spring. Possibly cultures from 
these over-wintered sclerotia would have been more successful. 

The fungus has been foimd abundantly by Dr. G. G. Hedgcock and the 
writers on the Pike, Colorado, Rio Grande, San Isabel, San Juan, Un- 
compaghre, and Montezuma National Forests, Colorado, and by Dr. 
Perley Spaulding practically throughout New England and the Adirondack 
region. In Utah it has been obseiwed, but less commonly. Specimens 
have been secm-ed from the Hayden National Forest, Wyoming, collected 



Fig. 1. Leaves of Lombakdy Poplar Killed by Sclbrotium bifronb 

The solerotium in the right-hand leaf has commeaced the process of separation 
from the leaf which ultimately gives a shot-hole effect. 

by Mr. A. M. Cook. In the Adirondacks, Dr, Spaulding’s notes state 
that in mixed stands of P. tr'emuloides and P. grandidentata only the former 
is attacked. The fungus has also been reported from Wisconsin (2). 
Specimens have been distributed as N. A. F. 2554 (from Ontario) and 
Fungi Columbiana 155 (Ottawa) and 2276 (Colorado). Specimens are 
now in the collections of the office of Forest Pathology, collected by Dr. 
G. G. Hedgcock, Doctor Spaulding, Mr. G. L. Barrus, and the writers, 
from P. iremidoides in Colorado (fifteen collections), New York (three), 
and Vermont (two). The only collection known to the writers on hosts 
other than P. trmuloides is from Lombardy poplar (P. nigra itdica Du 
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Roi), received from Miss Ethel Paine, Heath, Massachusetts (fig. 1), 
(Specimen F. P. 29306). 

In the spring or early smnmer both the youngest leaves and the tender 
twig tips are sometimes killed in such a way as to suggest frost injury 
but at times when there has been little frost While the leaves do not 
persist and bear sclerotia, there is reason to think that this phenomenon 
is also due to the Sclerotium. 

Cultures made from an angular leaf spot rather prevalent on the Pike 
National Forest yielded, in additon to hyphomycetes, nothing but Cyto- 
spora sp. 

Leaf rust, Melampsora albertensis Arth. (Specimens F. P. 32698), is 
also quite common in the Pike’s Peak region, fruiting conspicuously on 
the lower smfaces of the leaves, but does apparently little damage, not 
causing the prematm’e defoliation often observed in young Populus 
deltoides affected with Melampsora medusae Thiim., or the blighting of 
leaves and lateral twigs by Marsonia pojmli (Lib.) Sacc. (5). This blight 
has been observed by Dr. G. G. Hedgcock to be frequent and injurious 
upon the Holy Cross National Forest, Colorado, and Targhee National 
Forest, Idaho. 


TWIG TKOUBLES 

A disease locally prevalent in the Pike Forest, which has been observed 
in late summer during seve’ral different seasons, is a twig blight. The 
persistent blackened leaves give the trees much the same appearance as 
pear trees affected by fire blight. Insect tunnels were found in some of 
the affected twigs. 

A trouble which may or may not have been connected with the death 
of twig terminals was a killing of short lateral twigs and isolated leaves 
with the same characteristic blackening and persistence. Examination of 
solitary dead leaves showed in part of the cases an insect larva tunnelling 
in the twig directly under the point of attachment of the petiole, 

TEUNK TROUBLES 

The heart rot due to Fames igniarius, which is widely distributed on 
aspen (7), is common in parts of Colorado, entering relatively small stems 
and, after establishment in the trunk, spreading outward through both 
heart and sap wood until the cambium is reached and killed. Ordinarily 
however only the heart wood and older changing sap wood are affected. 

The most serious damage to the aspen in the Pike’s Peak region is from 
bark lesions. Three types are frequent; (1) Elongated dead areas most 
often formed on the south or west sides of trunks, presumably due to 
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Figs. 2 and 3. Popatus tbemdloidbs Affected vtth Type II Canker, Broken Over at the Beujon of the Leisiox 

Photographed by Dr. Perley Spaulding, Saranac Inn, N. Y. 1909 
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winter sunscald. These sometimes serve as starting points for lesions 
such as described under III, but do not directly cause death; They have 
not been commonly observed. II. Determinate cankers which may 
appear on any side of the tree and are not believed to be connected with 
sun or winter injury, though such a possibility is not excluded. In size 
this type of canker is usually in the earlier stages small, and may become 
exceedingly large, lengths of 12 to 15 feet having been obseiwed, at times 
practically involving the larger part of the tree In appearance these 
suggest cankers caused by Bacillus amylovorus (Burrill) De Toni. Obser¬ 
vation indicates that some of these cankers continue to spread, successive 
zones of wound callus being killed. In certain cases the parasite seemed 
to be able to extend the lesion the second year only at the upper margin. 
Lesions on the trunk often originate at branch stubs. Branches as well 
as main trunks may bo affected. The type II canker is the most serious 
in the Pike’s Peak region as well as in the East throughout the New England 
and Adirondack regions. In the latter region this canker renders the aspen 
worthless before it reaches available size. Here the canker, according 
to the observations of Dr. Spaulding, causes the aspen to be readily suscep¬ 
tible to mechanical injury, trees frequently breaking over at the region of 
the lesion (figs. 2 and 3). III. Lesions on less vigorous trees, which spread 
more rapidly and are not often determinate or regularly zonate. These 
frequently cause death by girdling. All three of these types of stem 
lesions ai’C common in slow-growing stands on unfavorable sites. As these 
sites are in general dry, it seems probable that it is the lack of vigor of 
fclie host more than favorable conditions for parasite development which 
is responsible for the local vaiiations observed in prevalance of cankers. 
A Cytospora sp. with reddish or orange-colored spore horns and closely 
resembling Cytospora chrysosperma Pers. fruits abundantly on cankers of 
types I and III, and very promptly on aspen killed back by any agency. 
On cankers of t 3 po II it seems loss common than on I and III. DotMoreUa 
populnea Thtim. (Specimen E. P. 32699) is frequently found mixed with 
the Cytospora, the pyenidia crowded on a stroma, erumpent, and fully 
exposed when the epidermis^ is entirely looisoned and falls away. This 
fungus is of intei’est for it is listed by Stevens (8) as being perhaps parasitic 
on Populus. Valsa sordido} has also been collected on the cankers. 

An interesting phenomenon possibly related to a bark disease of estab¬ 
lished trees is the bark blaokenmg of cuttings. While Populus alba (4) 
and P. tremula (1) cannot be propaged from cuttings, Hedrick (6) states 
that cuttage is a practicable method for propagating P. iremuloides In 
an effort to test the value of aspen as a nm’se ti’oe, Mr. C. G. Bates, of the 
Forest Service, in*1909 set out at Halsey, Nebraska, 2600 hardwood aspen 

1 Detemiaation by Mrs, U. B. Watkins, 
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cuttings, part from South Dakota, part from an isolated clump of native 
aspen near Halsey. Both the cuttings in the nursery and those set out 
dii’ectly in the sandhills callused well, and at the end of a few weeks 74 
per cent had started leaves. Before roots started, the bark of aU became 
blackened in definite patches which started at the callused surfaces or 
at buds, spreading till the entire cutting was involved. The planting was 
a total loss. Cuttings taken from the Pike Forest and planted in sand 
in a greenhouse at Washington, D. C., behaved in the same way, though 
part of them had been washed in mercuric chloride solution and the ends 
trimmed back with a sterile knife. In this case the cuttings which had 
started leaf growth blackened much earher than those which had not. 
Two of these cuttings commenced to blacken at points remote from buds 
or visible wounds, an occurrence rarely observed. The cuttings planted 
at Washington were set in rows, and the livmg and dead mapped at inter¬ 
vals. No evidence was‘secured of the spread of the disease from foci. 
Inner bark cut from recently blackened areas both on diseased cuttings 
and in cankers found on living trees was planted in nutrient media. Beef 
agar, commeal agar, prune agar, aspen agar, and beef gelatin wore em¬ 
ployed. No organism appeared consistently and many of the plantings 
yielded no organism whatever. Rhizoctania hyphae were common on the 
surface of the diseased cuttings, but inoculation at woxmds with artificial 
cultures of Ehizootonia, Cytospora, and Macrosporium, the two latter 
taken from a canker on native aspen at Halsey, failed to give results. 
Pieces of recently blackened inner bark were fastened in slits in healthy 
bark without pathogenic results. 

The rapid blackening of bark is a common phenomenon in aspen killed 
from any cause, and therefore is not a diagnostic character for tiie work 
of any particular disease. It is entirely possible that no parasitic action 
was involved in this failure of the aspen cuttings. It does not seem likely 
that the Cytospora so commonly found was the cause of the death of the 
cutting. Another possibility which seems to the writers worthy of con¬ 
sideration is that much of the bark killing, both on cuttings and on trunks 
and possibly twigs of older trees, may be due to a bacterial organism like 
the Micrococaus pop^i of Delacroix (3), which he was able to cultivate 
only in unheated poplar bark trituration. It seems especially likely that 
the cankers of t 3 ^ II may have been caused by an organion of this type. 

SUMMARY 

Observations have shown quaking aspen in certain ar^ to be unusually 
subject to diseasef trunk cankers of unknown origin seem, to be especially 
important factors in shortening the life of the trees. Femes igntarius is 
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also an important factor in causing premature death of aspen in the Pike's 
Peak region. 

Interesting but less important diseases are (1) a twig blight suggestmg 
in appearance the fire bHght of pear; (2) a leaf disease due to Sclerotiv/m, 
Infi'om, E. & E., distributed from the Eocky Mountains to New England 
and also attacking Lombardy poplar but not Popuhis graTididerUaia; and 
(3) a rapidly spreading bark trouble which kills cuttings. 

Office of Investigations in Forest Pathology 
United States Bureau of Plant Industry 
Washington, D. C. 
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IRIS LEAF SPOT CAUSED BY DIDYMELLINA IRIDIS 

W. B. T 1 S D A I. 

With Six Fi ghees in thb Text 

INTRODUCTION 

The most widespread disease of tho German group of Iris in this coun¬ 
try is the leaf spot caused by Didymcllina iridis fDcsm.) v. H. It is rivaled 
in seriousness only by the bacterial soft rot of the rhizomes. Because of 
the increasing prevalence of the disease in the vicinity of Madisou, Wis¬ 
consin, and a lack of knowledge of the life history of the causal organism 
and of control measures, it has seemed a problem worthy of investigation. 
Accordingly, the writer undertook a study of the disease in October, 1916, 
at the University of Wisconsin. Since that time the life cycle of the 
fungus has been followed, the ascigerous stage found, and successful con¬ 
trol measures worked out. In connection with this work various details 
relative to tho morphology and the physiology of tho organism were 
determined, which deserve mention although not a part of the main 
undertaking. 


THE DISEASE 

History and gcographiail distribuimi 

The fungus causing Iris leaf spot has boon known to mycologists in for¬ 
eign countries for yoai’s, but it has attracted little attention from phyto- 
pathologists until more recently. Cooke (5) seems to have been first to 
conbider the disease of any serious import. Later (6) tho same author 
reported the disease as being very troublesome in several parts of England 
and Ritzema Bos (14) reported investigations upon a disease of Nai'cissus 
which he attributed to the Iris organism. The disease occurs in practi¬ 
cally all of tho European countries (0, 11), Canada (9), and the Cape of 
Good Hope, but no note was made of its importance in these regions. 

The writer wishes to e^^ress to Dr. A. G. Johnson, at whose suggestion this invos* 
tigation was undertaken, his sincere appreciation of tho many valuable suggestions 
and helpful critioto given during the progress of the work. He is further indebted 
to Dr. J. J. Davis and to Dr, C. L. Shear for their assistance iu identifying the 
aacigejfous stage of the organism, and to Dr. L. R. Jones for his aasistonco in the 
final preparation of the manuscript. 
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Duiiiig the tvvo years in which the problem has been under considera¬ 
tion, a partial suiv('y has been made of the United States. Answers to 
questionnaires sent to plant pathologists of the agricultm'al experiment 
stations indicate that outside of Wisconsin the disease is prevalent only 
in California, Kansas, New York and Ohio. However, judging from the 
wide range of climatic conditions which obtain among these states, it is 
quite certain that the disease may develop in practically all regions where 
susceptible species of Iris are grown. 

Hosts 

At Madison, Wisconsin, natural infection has appeared on only the 
broad-leaved or German Iris. The species of this group which have been 
found affected in this vicinity are- Ins germanica, I.Jlorentina var. albi¬ 
cans, I. vanegata var. honorahiUs, and one unidentified species. Reports 
from European countries show that the same fungus crosses over to other 
species and genera of hosts and Cooke (5) reported it on Lyclmis, a mem¬ 
ber of a widely separated family. Ritzoma Bos (14) attributed a serious 
disease of several varieties of Narcissus to the same fungus. In 1888 Ellis 
collected, at Newfield, New Jersey, a fungus which he identified as Hetero- 
sponum gracile Sacc. on Ilemerocallis fulva. The same organism has been 
reported by Lindau (11) as occurring on Freesia, Antholyza, Gladiolus, 
and Geramingia. Since the only specimens readily available for exami¬ 
nation were those of broad-leaved Iris, no comparative study of the organ¬ 
isms from the various hosts was made. Cross inoculation experiments 
to Hetnerocalhs sp., Narcissus Emperor, and Pheasant (Hort. varieties) 
with the organism from Iris were unsuccessful in every case. This would 
seem to indicate specialized races or even different species of the fungus 
on the various host genera. 


Signs of the disease 

The disease has been observed on the leaves only, with infection most 
abundant on the apical half. It is first evident as minute brown spots 
surrounded by a watersoaked margin which later turns yellow (fig. 1). 
The spots occur on either smlace of the leaf, but are not visible on the 
opposite suiface until one or two days later. In the spring the spots 
enlarge slowly, requiring about thirty days to become inch in diameter. 
Later in the season, however, they enlarge much more rapidly and pro¬ 
duce conidia after about two weeks. The size and the number of the spots 

® Bailey’s Standard Cyclopedia of Horticulture has been followed m the above 
classification and nomenclature. 
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vary with the species of host; the}'^ are about M H inch in diameter 
on 7. (jermanica and smaller and more numerous on the other species. 
The older spots are oval or elliptical in shape, Avith the longer axis parallel 
to the veins. They may in some instances be so numerous as to kill the 
entire leaf earlj^ in the summer, but, as a rule, only a few of the leaves die 
before the blossoming season. It is not uncommon to find a striping of 
the leaves of 7. germanica. This is due to dying of the tissue between the 
spot and the apex of the leaf. The older spots have a gi*ayish center which 
is dotted with tufts of black conidiophores (fig. 2). Surrounding this 
center is a reddish brown border which is a deposit of some substance on 
the cell walls. The nature of this substance was not deteraiined. The 
descriptions given by Cooke, Giissow, and Ramsbottom correspond very 
favorably with the above. It is, therefore, presumed that they were 
dealing with the same hosts. 



Fig. 1. Iris Leaf Spot Ten Days After Artificial Inoculation 


According to Ritzema Bos (14), the disease of Narcissus, for which he 
holds the same fungus responsible, attacks the plants in quite a different 
manner. He states that the first evidence of the disease is a yellowing of 
the margins of the leaf, which soon involves the whole leaf, thereby caus¬ 
ing the sudden death of the affected parts. After the leaf dies its upper 
surface becomes covered with a blackish fungus growth. The leaves of 
Iris^ are very si mi l ar morphologically to those of Narcissus, and it seems 
unlikely that the same organism would produce only a spot on the former 
and completely destroy the leaves of the latter. 

Economic importance 

DidymeUina iridie reaches its most destructive stage at such a period 
in the growth of the plant that it is difidcult to estimate the amount of 
damage incurred in any one yeai'. Although the disease appears soon 
after the young leaves emerge in the spring, it does not become very notice- 
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able until about the blossoming season, which in Wisconsin is the latter 
part of June. After this time the disease develops very rapidly and kills 
many of the leaves prematurely. This premature death of the foliage 
reduces the amount of food stored up in the rhizomes, and if the process 
continues from year to year the death of the plants will ultimately follow. 
The disease has not been followed closety enough and for a sufficient 



Fro. 2, Old Spot on Iris Leaf, Showing Tufts op Conidiophores 

Natural infection. X 5 

length of time to determine to what extent the vigor of the plants is thus 
reduced from year to yeai*. 

Cooke says (6): The leaf spot is one of the most troublesome and per¬ 
sistent diseases of Iris in England, the plants being killed in one or more 
years. Giissow (9), on the other hand, considers the disease of minor 
importance in Canada. 
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Pathological histology 

In all cases examined the germ tubes were found to enter the tissue 
tlnough the stomata (fig. 3). Rainsbottom (13) states that he found 
penetration taking place both through the stomata and directly through 
the epidermis. Ritzema Bos (14) states that the fungus attacking Nar¬ 
cissus penetrates the tissue by both methods. Inasmuch as not a single 
case of direct penetration of the cuticle was found, it seems reasonable to 
believe that this mode of attack is the exception rather than the rule. 

Upon entering the substomatal chamber the germ tube sends out 
branches which wedge between the cells, forcing them apart. Later the 
hyphae become intra-cellular, the cells collapse and the affected area 
dries out. The contents of the affected cells first turn yellowish and then 



Fro. 3. Different Stages of Stomatal Penetration by Conidial Stage of 

DiDYMELLINA IRIDIS 

Showing germination characteristics of conidia 


gradually disappear. A reddish brown material accumulates on the cell 
walls in the margin of the affected zone, giving the characteristic brown 
margins. Small masses of hyphae develop in the substomatal chambers 
and give rise to tufts of conidiophores, which in crowding through the 
stomata tear the epidermis loose from the underl 3 dng tissue, thua giving 
the chracteristic gray color to the center of the spot. The hyphae seem to 
be restricted to the spot while the leaf is yet green, but after the leaf dies 
they spread throughout the tissue. 


THE CAUSAL ORGANISM 

Taxonomy 

Conidial stage. Early records of the fungus on Iris date back to 1881, 
when Sacoardo (16) described the conidial stage of the organism and 
referred it to Heterosporium echinuMum (B. & Br.) Cooke. This specific 
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name had previously been given by Berkeley (2) to the fungus attacking 
carnations. Later Saccardo (16) referred the fungus on Iris to Hetero- 
sporiuni gracile Wallr. He had, however, already referred the Helmintho- 
sporiutn gracile Wallr, to Bracliysporium (16, p. 430). This, according to 
current description, is a very different fungus from the one under con¬ 
sideration here. On this account later authors as Cavara (3), Schrocter 
(17), Oudemans (12), Ramsbottom (13) and others have attributed the 
name Heterosporium gracile to Saccardo. 

Ascigerous stage. During the course of these studies an ascomycete 
was found on the dead, infected leaves of I. variegata var. honornhilis 
and I. fiorentina var. albicans. Pure cultures obtained from single asco- 
spores of this fungus have produced typical conidia, and the positive results 
of inoculation experiments with such conidia seem to be sufficient proof 
that the ascomycete under consideration is the ascigerous stage of Hetero¬ 
sporium gracile. 

There seems to be no record in literature of any previous connection 
of H. gracile Sacc. with an ascigerous stage. Also, judging from descrip¬ 
tion only, the ascigerous stage under consideration seems to differ from 
any species of sphaeriaceous forms attacking Iris. 

Specimens were, therefore, sent to Dr. C. L. Shear at Washington, 
D. C., for identification. Upon comparison he found them to be identical 
with specimens distributed by Desmazieres in his PI. Crypt. France, 
No. 94 (1853) on leaves and pods of Iris pseudacorus collected at Herman- 
ville, France, by Roberge, and described as Dothidia iridis Desm. in Ann. 
Sci. Nat. Bot., Ser. 3, VIII Bd., p. 76, 1847. He also compared them with 
specimens collected by Roberge at Caen, France, and now in the herbariun 
of Michener. 

Von Hohnel (10) in “Mycologische Fragmente,” CCVII in Annales 
Mycologici, vol. XVI, nos. 1 and 2, 64-66, 1918, enters into a full discus¬ 
sion of the morphology and taxonomy of Dothidia iridis Desm. This author 
says (p.66) that Dothidia iridis Desm. is a Didymella Sacc. (1878) without 
paraphyses and therefore belongs to a new genus which he calls Didy- 
mellina. He also claims that many species of Mycosphaerella belong to 
this genus. Accordingly, he applies the binomial Didymellina iridis 
(Desm.) V. H. and lists the following as synonyms: 

Type species: Dothidia iridis Desm. 1847. 

Synonyms: Sacidium des'inazierii Montague 1857 
Sphaerella iridis Auersw. 1869 
Metasphaeria iridis (Desm.) Sacc. 1883 
Mycosphaerella iridis (Auersw.) Schroeter 1894 
Sphaerulina iridis (Desm.) Berlese 1894 
Sphaerella desinazierii (Mont.) Sacc. 1895 
Sphaerella desmazierii (Roberge) v. H. 1910 
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Some confusion exists among mycologists as to the taxonomic position 
of some of the above forms, or else von Hdhnel included forms which should 
not be considered as synonymous with the specimen originally described 
by Desmazieres. A comparison of specimens of Sphaerella iridis Auersw. 
and Mycosphaerella iridis (Auersw.) Schroet. in the herbarium of the De¬ 
partment of Botany of the University of Wisconsin with the fungus 
described in this article reveals a great difference in size of perithecia and 
of spores. The perithecia of these specimens measure only about 120 to 
160 microns in length and the spores 4 to 5 by 12 to 17 microns. Two of 
the herbarium specimens which were on green leaves collected in June 
and September showed no evidences of a conidial stage. The spots had 
no definite reddish brown border and were more irregular in shape than 
those upon the material collected at MacUson. As stated elsewhere, peri¬ 
thecia have been collected at Madison on only the dead leaves of Iris 
and only during the spring months. 

Morphology 

The fungus, DidymclUna iridis (Desm.) v. H., has two stages in its life 
cycle, namely, (1) the conidial stage parasitic on the leaves of Iris, and 
(2) an ascigerous stage which develops in the spring on the dead leaves 
infected during the previous season. The perithecia were found to be 
sterile two years out of the three during which the fungus was under ob¬ 
servation and so appear to play a relatively unimportant part in the life 
cycle. 

Conidial stage. Three or four weeks after primary infection occurs, 
tufts of conidiophores emerge through the stomata in the diseased spots 
and bear conidia. The conidiophores are olivaceous and more or less 
zigzag in shape at the upper end. The dimensions vary considerably with 
envh’onmental conditions. The ones borne in the spots during the summer 
average about 11 by 70 microns, while those developing in the spring on 
the apices of sterile perithecia average about 12 by 150 nhcrons. 

The conidia are echinulate, concolorous with the conidiophores, cylin- 
di’ical with rounded ends, two to three septate, slightly constricted at the 
cross walls, and range from 13.7 to 18.7 by 40 to 60 microns, averaging 
16,8 by 50.8 microns. The range in size is quite variable in any one spot 
or in pure culture, and while the range is a little greater than that given 
by Saccardo and Lindau, it does not seem sufficient for specific separation. 

Ascigerous stage, Perithecia scattered, smooth, globose, dark brown 
to black, 130 to 220 by 188 to 246 microns, averaging about 160 by 200 
microns; subepidermal, with a papilliform ostiole which may bear a tuft 
of conidiophores under favorable weather conditions; walls pseudo- 
paxenchjunatous, two to four cells thick (fig. 4). 
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Asci obclavate to oblong, hyaline, thin walled, rounded and obtuse 
above, tapering below into a short pedicel, or sessile, fasicled; 36 to 54 by 
72 to 117 microns, averaging 49.9 by 97.2 microns; from 6 to 25 in a peri- 
thecium, without paraphyses (fig. 5). 

Ascospores oval-elhptical, one septate, distinctly constricted, contents 
light greenish-yellow, waU slightly tinted; 10.5 to 16.2 by 30.6 to 54 
microns, averaging 14.4 by 44 microns, slightly unequally two-celled; 
usually eight spores in an ascus. 



Fig. 4. DidymeLlina iridis 

Camera lucida drawing of a median section through a perithecium 

Fig. 5. Asci or Didtmellina iridis 
Showing different stages of maturity in the same perithecium 


Physiology 

Cultural studies. In pure culture the young hyphae are grayish-white, 
delicate and septate. On most media used this type of hyphae foims a 
dome-shaped, aSrial colony within the first few days. After about five 
days the hyphae begin to form a thin, dark brown to black stroma on the 
surface of the medium from which olivacious conidiophores arise and pro¬ 
duce conidia acrogenously. As each conidium approaches maturity it is 
pushed aside and the conidiophore continues to grow and produce more 
conidia until from two to four are produced. The conidia are very easily 
dislodged and are never found with more than two in situ. 
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loG 

The fungus grows well on most of the common laboratory media except 
beef-peptone agar. It also grows well on steamed stems of Melilotus alba 
and steamed leaves of Iris. As compared with the Fusaria and some 
other organisms, it does not grow very vigorously on any of the media, 
requiring about two weeks to cover the surface of a slanted tube of agar. 
It produced conidia more abundantly on potato agar, corn meal agar, 
and sterilized stems than on any of the other media used. 

On steam sterilized stems of Melilotus alba and steamed Iris leaves the 
growth is at first similar to that on other media except that conidia are 
produced two or three days earlier. Perithecia begin to develop when 
the culture is about twelve days old, and reach their maximal size about 
ten days later. During the first week they contain abundant oil globules, 
but these finally disappear and the perithecia remain sterile. Such cul¬ 
tures were treated in many different ways in an attempt to stimulate the 
production of ascospores, but without success. 

Germination studies 

Conidia. Conidia taken from a pure culture germinate readily on both 
solid and liquid media. Germ tubes are produced from any or all of the 


TABLE 1 

The relation of temperature to the rate of conidia germination 


TEMPER >TURE 

TIME REQUIRED FOR OEnMIN\TlON 

deg, C, 

hours 

4 

21 

S 

1 ® 

13 

4 

- 17 

3 

22 

2.) 

26 

2i 

30 

11 

35 

No germination 


cells of each spore, and as many as three tubes may be produced from a 
single cell. The germ tubes from a single spore may develop simultane¬ 
ously, or later in the middle than in the end cells. Spores germinate best 
and most rapidly at 20® to 26®C., as shown in table 1. At temperatures 
higher or lower than these germination takes place more slowly, and at 
30® the tubes are densely vacuolate and grow very slowly. 

The optimal temperatures (22-26®C.) commonly obtain out-of-doors 
during the latter part of May and June, when the disease is developing 
most rapidly. 
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Ascospores. Ascospores removed from perithecia and planted in water 
or on water agar germinate within about six hours. Development of the 
germ tube is in some cells immediately preceded by the appearance of a 
septum, and each of the three or four cells thus formed is capable of pro¬ 
ducing one or two germ tubes (fig. 6). Once started, the tubes grow fairly 
rapidly on potato agar and after five days a colony developing from a 
single ascospore produces conidia which are exactly similar to those of 
H. gracile. The colonies developing from single ascospores are likewise 
similar to those developing from conidia, when grown on the same kind 
of medium. 



Fig, 6 Germinating Ascospores op Didtmdllina, iridis 
Overwintering and life history of the organism 

ft 

The causal organism of Iris leaf spot passes the winter in the mycelial 
stage in the old infected leaves, and produces conidia and perithecia early 
the following spring. During the course of these studies no viable conidia 
were found in the field from December to March. However, an exami¬ 
nation of the dead leaf tissue revealed the presence of dark brown, thick 
walled hyphao and when the leaves were brought into the laboratory and 
kept in a moist chamber at room temperature for two or three days abun¬ 
dant conidiophores and conidia developed in the old spots. Conidia 
developed in culture at 8®C. in fifteen days, and were found outside in 
March, following a few days of warm weather. This seems to indicate 
that successive crops of conidia are produced throughout the winter in 
sections having a milder climate than that of Wisconsin. Since the conidia 
germinate within twenty-four hours at 4°C., it seems reasonable to sup¬ 
pose that, unless subjected to extremely low temperatures, they are short 
lived in nature. 

Late in February and early in March small masses of dark colored 
hyphae appear beneath the epidermis in lesions on old leaves and later 
develop into perithecia. The outcome of the perithecia seems to be 
dependent upon weather conditions. In the spring of 1917 they matured 
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about April 1, but in all cases were found to be sterile. Most of these 
sterile perithecia bore a tuft of four to twelve conidiophorcs on the apex, 
or ostiole. This peculiar manner of fructification is probably due to the 
fact that the sudden change from cold to warm temperature was unfavor¬ 
able for the production of asci. During the spring of 1918, wliich was 
somewhat similar to that of 1917, a few perithecia were found to contain 
asci and ascospores. The spring season of 1919 opened rather early and 
was followed by intermittent cool periods which continued well into April. 
Under such weather conditions one would expect the fungus to react 
quite differently than it did the two previous years with different weather 
conditions. At any rate, the old leaves which were taken from the field 
about March 30 bore numerous perithecia containing mature asci and 
ascospores. These fertile perithecia bore no conidiophorcs at the apex, 
as did the sterile ones the two previous years. Such erratic occurrence 
of ascospores indicates that they play a minor part in the early infection 
of new leaves. On account of the difiSiculty experienced in obtaining a 
number of ascospores free from segments of hyphae and conidia, no inocu¬ 
lations were made with them directly. 

Since there is always an abundant supply of newly developed conidia 
by the time the young leaves appear, it is probable that they serve as the 
chief source of primary infection. In infected beds the now leaves come 
into direct contact with the old infected leaves and thus, incidentally, 
are sprinkled with a plentiful'supply of viable conidia. Perhaps rain, 
too, aids in distributing the spores. The primary spots begin to appear 
about the middle of April and after about a month, depending upon the 
weather conditions, are producing conidia, which, in turn, serve to continue 
the infection. After the blossoming season the spots become numerous 
on all susceptible species and many of the leaves are thus killed down 
before frost. 


INOCULATION EXPERIMENTS 

The inoculation experiments with the Iris leaf spot organism were 
conducted during the spring seasons of 1917 and 1918. Practically all 
of the experimental work was done in the greenhouse to insure against 
outside infection. Rhizomes from which all of the dead infected leaves 
were removed were brought in from the gardens during the winter and 
planted in pots in the greenhouse. These plants grew vigorously and 
apparently normally, and no signs of disease developed on the uninocu¬ 
lated plants at any time. The experiments were conducted along two 
lines, namely: (1) inoculation of the varieties of Iris which were attacked 
by the fungus outside, and (2) cross inoculation to 2. sib&rica, Narcissus 
varieties Emperor and Pheasant and ono unidentified species of Hemero- 
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callis. After inoculation the plants were kept in a moist chamber for about 
thirty-five hours and then placed in a greenhouse room where the tempera¬ 
ture was held fairly constant at at>out 22“C. 

Three methods of inoculation were used, namely: (1) insei’tion of frag¬ 
ments of mycelium into the leaf tissue with a sterile needle, (2) sowing 
the conidia in drops of sterile water on marked areas of the leaf surface, 
and (3) spraying the plants with a sterile water suspension of conidia. 

TABLE 2 


Results of the inoculation experiments with H. graxsile 


KIND or PLANT 

KIND 

OP INOCDLTJM 

NXTMBER 

OP 

PLANTS 

IN¬ 

OCULATED 

KUMBEB 

OF 

PLANTS 

XNrUCTSD 

PERIOD 

OP 

INCUBA¬ 

TION 

INFECTION 

R£fiUl/FB 





iayB 


I. gennanica . 

Mycelium 

3 

3 

2 


I. germaniesa. 

Mycelium 

4 

4 

2 

+ 

I. variegata var. honorabilis, . 

Mycelium 

3 

3 

2 


I. variegata var. honorabilis. . 

Conidia 

2 

2 

5 

+ 

Hemerocallia sp. 

Conidia 

2 

0 


— 

Hemerocallis sp. 

Mycelium 

2 

0 



I, siberioa . 

Conidia 

' 4 

0 


— 

I. siberica . 

Mycelium 

3 

0 


— 

Narcissus var. emperor... 

Mycelium 

2 

0 


— 

Narcissus var. emperor. 

Conidia 

4 

0 


^ 0 

Narcissus var. pheasant. 

Conidia 

3 

0 



Narcissus var. pheasant. 

Mycelium 

2 

0 


— 

Hemerocallis sp. . 

Mycelium 

3 

0 


— 

I. germanioa . 

Conidia 

3 

3 

8 


I. germanica. 

Conidia 

6 

6 

5 

+ 

I. florentina var. albicans. 

Conidia 

2 

2 

5 

+ 

I. florentina var. albicans. 

Conidia (as- 
cosporo 
strain) 

3 

3 

6 

+ 

1. germanica. 

Conidia (as- 
eospore 
strain) 

2 

2 

8 



In practically every case all three methods gave positive results when 
susceptible species of Iris were used. Previous to inoculation with conidia, 
the heavy bloom was removed from some of the leaves by lightly rubbing 
theJn with a piece of clean cheesecloth. Water adhered better to the 
leaves treated in this manner than to imtreated leaves and they always 
showed heavier infection. The results of the inoculation experiments are 
given in table 2, 
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The inoculation experiments show that the varieties of German Iris 
are very easily infected, while I. sibenca, Narcissus, and Hcmcrocallis are 
e^4dently immune. Where mycelium was the source of inoculum, infec¬ 
tion took place very rapidly with susceptible hosts and after about six 
days the spots were about | inch in diameter and were beai’ing conidia. 
Infection from conidia occurred in from five to eight days and developed 
very slowly at first, attaining a diameter of from 1 to 3 mm. in thirty days. 
The lesions developed more rapidly on plants which were placed outside 
of the greenhouse as soon as infection took place. 

The failure of attempts to produce infection in Narcissus and Hemero- 
callis suggests the probability of different strains or species of the fungus. 
The varieties of Narcissus used in these experiments are listed by Ritzema 
Bos (14) as being susceptible to the disease with which he worked and 
which he attributed to H. gracile. This organism has also been reported 
by mycologists as occurring upon HemerocaUis both in America and in 
Europe. No strains of the organism were obtained from any other host 
than the species and varieties of German Iris herein mentioned and so 
far as these experiments justify conclusions, it is very likely that cross 
inoculation experiments with the organism from different hosts will show 
the existence of different strains or even of different species. 

CONTEOL MEASURES 

The writer has been unable to find any record in literature of successful 
control measm’es for the Iris leaf spot. Giissow (9) and Cooke (6) each 
recommended the removal of the dead infected leaves but did not show 
any evidence that the method had been successfully employed. Rama- 
bottom (13) stated that the limeloving species of Iris w'orc the only ones 
affected with the leaf spot and that they wore attacked only when grown 
on soil deficient in this substance. He therefore planned some experi¬ 
ments based on this theory, but for some reason never reported upon 
execution of them. 

After the development of the fungus had been carefully followed during 
the winter and spring of 1917 at Madison, Wisconsin, it was thought 
advisable to try two methods of control, namely: (1) removal of dead 
leaves prior to the development of young leaves in the spring, and (2) 
protection of plants with a coating of some copper fungicide during their 
early development. ^ 

On March 30, 1917, the dead leaves were removed from two small beds 
of I. germanica and one of L variegata var. honorabilis. However, by 
this time the leaves of 7. germanica, were from 1 to 2 inches long and conidia 
were being produced in small numbers on the dead infected loaves. One 
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of the beds of I. germanica was sprayed with 4-4-50 Bordeaux mixture. 
At the same time and subsequently at intervals of two weeks until June 
20, the spray mixture was applied to one small bed of each of the above 
named species from which the leaves had not been removed. No signs 
of infection developed on the plants in any of the three beds from which 
the leaves were removed until late in the summer, and then only a few 
lesions appeared. It is likely that the spores causing this infection came 
from nearby diseased beds. The disease developed somewhat later on 
the sprayed beds from which the leaves were not removed than upon the 
unsprayed controls, but was more abundant and widespread than upon 
the beds from which the leaves had been removed. This indicates that 
primary infection was prevented but that the plants were not continuously 
protected by the spray mixture. On account of the heavy bloom on the 
Iris leaves, it is a difficult problem to get the spray mixture to adhere 
uniformly. Also, as the plants approach the flowering stage it becomes 
very difficult to reach all parts of the leaves with the spray solution. 
Since the conidia are present on the dead leaves until summer, the plants 
would have to be kept continuously covered with the spray in order to 
insure protection. 

Since the above difficulties had been encountered in 1917, it was decided 
to resort only to the removal of dead leaves as a possible means of control 
in 1918. Immediately after the snow had melted, two beds of I. germanica^ 
the dimensions of which were about 8 by 10 feet, received this treatment. 
These plots were located in the horticultural gardens and far enough away 
from other plots to insure against infection from other sources. Previous 
to June 15 no signs of the disease had appeared in either of the treated 
plots, while in the check plots abundant infection was found by the first 
of May. Furthermore, Professor L. R. Jones emploj’-ed in his private 
garden, which was planted with Z. germanica and Z. variegaia var. honor- 
nhilis, the method used in these experiments, with the result that no signs • 
of the disease had appeai'ed in either of these beds up to June 16. Prob¬ 
ably this method will prove effective for controlling the disease in all 
regions where the leaves die down during the winter. Under these climatic 
conditions the dead leaves aa’e easily removed in a practical way by simply 
giving the plants a thorough rakhig or “combing” with a steel garden 
rake. In the warmer climates where the leaves remain green over winter, 
the method may have to be modified or used in combination with some 
spraying program. 
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STJMMAKY 

1. Leaf spot is one of the most widespread diseases of the broad-leaved 
or German group of Iris in the vicinity of hladison, Wisconsin. 

2. The disease is present wherever the susceptible species of Iris are 
grown. In the United States it has been reported as of considerable 
importance in California, Kansas, New York, Ohio, and Wisconsin. 
Cooke reports it as one of the most serious and troublesome diseases of 
Iris in England. 

3. The groups of Iris other than the broad-leaved group and also the 
species of Narcissus and Hemerocallis used in the experiments are evi¬ 
dently immune from the disease. 

4. The disease is caused by a fimgus the conidial stage of which has 
been known for some time as Heterosporium gradle Sacc. The ascigerous 
stage of the organism has been found at Madison, Wisconsin, and has 
been referred to DidymeUina iridis v. H. 

5. The fungus overwinters in the mycelial stage in the dead leaves. 
Perithecia develop early in the spring, but do not always produce asci, 
apparently on account of the weather conditions. Sterile perithecia bear 
conidia on the apex. 

6. An abundant crop of conidia, always present early in the spring, 
s«pv^ as the chief source of primary infection. 

7. The only mode of penetration found dming the experimental work 
at Madison was through the stomata. 

8. The removal of dead infected leaves before the young leaves appear 
in the spring promises to be a successful means of control. 
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THREE WINTER WHEAT VARIETIES RESISTANT TO LEAF 

RUST IN KANSAS^ 

Leo E. Melchbrb and John H. Fareeb 
With Thebe EiGtrBBS in the Text 
INTRODUCTION 

Observations on the occurrence of the leaf rust of wheat, Pucdnia 
iritidna Eriks, have been made at IManhattan and in other parts of Kansas 
with particular reference to the comparative susceptibility of varieties 
during the seasons of 1914-1919, inclusive. These observations have 
shown that in certain localities leaf rust may be present in quantities 
sufficient*to cause actual damage (3). 

The leaf rust of wheat as it occurs in Kansas may or may not show the 
same biologic specialization as the leaf rust occurring in other regions. 
There is also, the possibility.that more than one biologic form has been 
present in the experimental plots during the six-year period in which the 
data were obtained, though the results with the varieties do not definitely 
indicate it. Some caution, at least, is necessary in presenting and inter¬ 
preting the effects produced by any cereal rust in any one locality, in view 
of the known existence of several distinct biologic forms of stem rust of 
wheat, as described by Stakman and Piemeisel (6), Melchers and Parker 
(5), and Levine and Stakman (2). 

WINTER WHEAT VARIETIES RESISTANT TO LEAF RUST 

In the investigations conducted at Manhattan, resistance to leaf rust 
has been observed in the same varieties which show a marked degree of 
resistance to one form of stem rust, namely, Pucdnia graminis iritici (4). 
These varieties are Kanred, P762 (C. I. 6146) (Kansas No. 2401); P1066 
(C. 1.6879) (Kansas No. 2416); and P1068 (C. 1.6880) (Kansas No. 2414). 
All these varieties belong to the Crimean hard winter wheat group and 
are bearded with glabrous, white, smooth chaff and hard, red kernels. 

t CoCperative mvestigations between the Kansas Agrieultnral Experiment Station 
and the Office of Cereal Investigations, Bureau of Plant Industry, United States 
Department of Agriculture. Published with the approval of the Director, as a 
contribution of the Department of Botany and Plant Pathology, Kansas Agricultural 
Experiment Station, paper No. 80 . 
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Kanrecl (1) has been distributed by the experunent station to farmers and 
is probably the best variety of hard winter wheat now available for Kansas 
conditions. The other two varieties seem fully as promising in every 

TABLE 1 


Data showing infection by leaf i-ust on three varieties of hard, red winter wheat and 
on adjacent rows of other lointer loheats, at Manhattan, Kansas, during 
the six years from 19H to 1919, inclusive 


YEAH 

V vniFTY 

VVER^.GE PERCENT IGE 

MAXIMUM ON ANT 

On lesibtant 
varieties 

On vai leties in 
adjacent rows 

VARiirrT 

1914 

P762 Kanrecl . 

10 0 

40 and 65 


1914 

P1066 ... 

7.0 

70 and 50 

90 

1914 

P1068 . 

7 0 

40 and 60 


1916 

P762 Kanred . 

10 0 

40 and 25 


1915 

P1066 . 

5 0 

25 and 40 

65 

1915 

P1068. 

6 0 

40 and 25 


1916 

P762 Kanred. 

15.0 

25 and 30 


1916 

P1066 . 

5 0 

30 and 30 

70 

1916 

P1068 . 

6.0 

30 and 30 


1917 

P762 Kanred. 

10.0 

40 


1917 

P1066. 

6.0 

37 and 32 

65 

1917 

P1068. 

3.0 

32 and 25 


1918* 

P762 Kanred. 

5.5 

77 and 79 


1918* 

P1066. 

8.5 

82 and 76 

95 

1918* 

P1068. 

9.0 

70 and 78 


1919t 

P762 Kanred. , 

6.7 

79 and 73 


1919t 

P1066. 

6.6 

66 and 66 

90 

1919t 

P1068. 

6.0 

71 and 66 

With very heavy 
infection on the 
sheath and pe¬ 
duncles 


percent 

Six-year average for P762 (Kanred). 9.6 

Six-year average for P1066. 6.2 

Six-year average for P1068 . 6.7 


* The mat percentages for this year are averages of a larger number of rows (pure 
line selections) grown in the rust nursery. 

t The rust percentages for this year were taken from three series of variety plots 
at the agronomy farm, in addition to those obtained in the botany rust nursery. 
All varieties, with the exception of these three, showed from a trace to very heavy 
infection on the sheaths and peduncles. 
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lespect, judging from records on jneld, winter survival, and other charac¬ 
ters obtained in the agronomy'- nurseiy. They have not, however, been 
compared in field plots, or in the cooperative experiments with farmers in 
the different sections of the state. 

The observations on leaf rust infection presented in this paper were 
made in the rust nursery maintained by the Department of Botany and 
Plant Pathology, in the agronomy nursery and in commercial fields. 
The figures in table 1 are averages from a large number of plants, taken 
from rows in different parts of the nui-sery. The estimates of the amount 
of infection were made in accordance with the scale for estimating rust 


SCALE FOR ESTIMATING RUST. 



SUgrtB .howlag alx Mitmi of nattatn, utatah mj b* und la 
fumtato at nut tnfaotlan op laar op atM. b» ahadM apeta rapraaoat 
nut, ao4 «u flgopa. .pproateataj, u. nut rtnmUg,, eoualad aa tm 

Of to. oMclpun p,«ut Of auitwa aantod ^ nut u ahom m tha loOK flaora. 
tola ftgara («a. < la to. dUgrn) ropppuata aqC of aata.1 aBrf.aa aaS la 
wbllP.PUy aaloaud M lOO^. OU-.p paio^Up.. Ui Urn, of Mo. 0. 

toU aul. 1. auy of wUutloa. a auaa. of loan. .r. ^um .4 
ftw too ,0. OP put .t PM., M a aartup af puat, ,«,fiillf aaMiM fap 
nut. to,. M .M«.4 .Uh to. dUgPM. M th. p,.p.p fu.„, 
w «» nola-bockp 

too Blu. OP alniu il«a uy to uaad to tndiaau . aUpbUy croatop or 
l»»a nant of puat to« tk. ..not ripar*. 


Fig. 1. Scale Used for Estimating Rust Percentages 


which is used by the Office of Cereal Investigations of the United States 
Department of Agriculture and is shown in figure 1. 

It will be seen that the amount of leaf rust on the throe varieties described 
as resistant was consistently less than on other varieties grown in 
adjacent rows and very much less than the maximum amount recorded 
on the most susceptible varieties grown in the nursery. It should be 
added that, duiing each season, the maximum percentage of leaf rust 
recorded was not confined to one or two varieties, but that there generally 
were a number on which the amount of infection reached this maYminm ^ 
while a still larger number bore leaf rust percentages closely approaching 
the maxitniim figure. 
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The six-year average infection on Kanred, P762, is 9.5 per cent; on 
P106G, it is 6,2 per cent; and on P1068, only 5.7 per cent. These averages 
are remarkably low and indicate that the three varieties possess a high 
degree of resistance, even when grown under optimum conditions for 
infection. These conditions may be considered as the final test of the 
resistance or susceptibility of .any variety, at least as far as its immediate 
practical value is concerned. 

Figure 2, A and A\ shows the characteristic infection of leaf rust on 
the leaves of a susceptible variety, P706 (Kansas No. 2382), Improved 
Turkey. The uredinia are numerous and entirely noiinal. The leaves 
from which the illustrations were made were typichl of this variety and 
were collected from plants in rows adjacent to P762, P1066, and P1068. 
Figure 2, B and B', shows leaves of the resistant variety Kanred, P762. 
There are few uredinia, but many light yellow or green flecks, indicating 
the presence of rust hyphae, but failure to form uredinia. Figure 3, C 
and C', shows leaves of another resistant variety, namely, P1066. There 
are few m’edinia but many sharp flecks. Figure 3, Z), and D', shows two 
leaves from the third resistant variety, P1068. There are few uredinia, 
but the flecks, characteristic of the resistant varieties, are very distinct. 
The discolored brown areas of leaf tissue are duo to the drying of the leaf 
from other causes and should not be confused with the leaf rust. The 
specimens shown in the illustrations were collected in June, 1918, from 
plants grown in the rust nursery, where a uniformly heavy infection of 
leaf mst was present. The vaiieties were approaching maturity and the 
leaf rust infection had unquestionably attained its maximum development. 

In 1916 leaf rust was very prevalent in many wheat fields in the state 
and the infection was particularly conspicuous because it occurred on the 
peduncles or necks and sheaths of the plants, as well as on the leaf blades. 
A field of P706, Lnproved Turkey, at the agronomy farm near the college, 
showed an actual reduction in yield wdiich, in the opinion of members of 
the Department of Agronomy, resulted from the heavy attack of leaf rust. 
A field of P762, Kanred, grown on the same fami had only a light infection 
on the leaf blades, recorded as 15 per cent, and no uredinia on the necks. 
The yield of this variety was not appreciably affected. The resistance 
to both leaf and stem rust was one factor ■which aided the Department of 
Agronomy in deciding to distribute P762, Kam’ed, instead of P706, Im¬ 
proved Tm’key, known to be susceptible to both rusts. 

Additional evidence on the resistance of P762, Kanred, was obtained 
in the agronomy nursery during the summer of 1918. An experiment on 
the date of planting as related to the habit of growth was located near the 
other nui-sery plantings and contained the following varieties: Defiance 
Winter (Kansas No. 373), CmTcll (Kansas No. 2406), Turkey (Kansas 




FiCi 4, The chai actcristic infection of le if rust on the leaves of e. susceptible 
%inet'\ P 06 (Kansas N ) Iinpioved rmke\ B the leaves of the resstant 

\anctj P (Kansas'So ’’401) Kanxed '^ote onl> a few uredmia butnumeious 
fleels denoting I esislance 
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C C' t> D' 


lie d C loa'vc of the icsistcnt wictj P1066 (Ivinsau No 2415) note fe\\ 
uiedinj, but min\ shaip flecks D k i\cg of allmdicsistint \ %rut\ P106S {.K uisaq 
No 2414) Note Itw uiediiui but many flecks which \i( chaiictciistir ot the 
ic'ust'int vinetics Ihe discoloicd blown axt\s of the Ua\(s xic not due to Icxf 
iu<?t infection 
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No. 570), Kanred (Kansas No. 2101), Fultz (Kansas No. 2156), and 
Nebraska No. 28 (Kansas No. 34). These wore planted on the first of 
each month and in the order mentioned. The lows of Kanred were located 
between Tuike}- (Kansas No. 570), a haul wheat, and Mlz (Kansas No. 
2156), a soft wheat. Both of the latter vaiietics are known to be suscep¬ 
tible to leaf rust. The plantings which weic made on June 1 and July 1 
were making vegetative growth during the ripening of the wdieats in the 
regular nursery and after they iveic harvested. There was an abundance 
of natural infection of leaf rust in the nearby regular nursery plantings, 
and these \vere scattered and continued to spread on the green plants in 
the date of planting experimental plots. A heav}’’ infection was present 
in these rows throughout the late simiiiKU’ and early fall and the amount 
of leaf rust on the plants of Kanred was not more than 20 per cent, wliilc 
that on the adjacent rows and all the other varieties, varied from 50 to 85 
per cent. There were some uredima on the leaves of the Kanred plants, 
but flecks were much more numerous. These observations made on late 
plantings materially strengtliened the evidence of the resistance of P762, 
Kanred, for a variety sometimes slioivs resistance when planted at the 
normal time, but fails to maintain this resistance when planted on a later 
date. 

In addition to the observations made at Manhattan, there has been 
o\idence from the reports of cooperating farmers that fields of Kanred 
growm in vaiious parts of the state are much loss affected by leaf rust than 
are fields of other varieties commonly growm on the same farm. These 
reports W’ere definitcl}’’ confirmed the past season. In the Kanred seed 
inspection w’ork which "was cai'ried out in fields of Kanred wheat which 
wore grown in Kansas the past season, a thorough examination was made 
for both leaf and stem rust. A most severe epidemic of leaf rust occurred 
in all part.s of the state during the spring of 1919, which afforded the best 
opportunity to see wbat the behavior of Kanred wmuld be in Kansas 
when gi’own on a commercial scale. Specimens were gathered from about 
46 counties representing more than 500 fields. Notes were taken on the 
percentages of leaf rust, not only of Kanred, but of all adjoining fields of 
wheat of other varieties. The percentages for Kanred were strikingly 
uniform, ranging between 8 and 10 per cent, while the percentages of leaf 
rust for adjoining fields of other varieties which sciTcd as checks, varied 
from 20 to 95 per cent, the majority raugmg close to the latter figure. 
The sheaths of Kanred plants were alw'ays entholy free of any leaf rust 
sori, while aU other varieties showed from slight to heavy infection. It 
has not been possible to obtain as extensive records of P1066 and P1068, 
since these varieties have not been distributed to farmers but the indi¬ 
cations are that they will be just as resistant as Kanred. 
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Experimental plantings of the three varieties made at ceiiain stations 
in other states have also had a lighter infection of leaf rust than local 
varieties grown under the same conditions. These varieties must be 
grown at these and other stations for a series of years, however, before 
final conclusions as to their resistance in these localities can be reached. 

Agricultural Experiment Station 
Manhattan, Kansas 
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BRIEFER ARTICLES 

THE DISTRIBUTION OF BUCKEYE ROT OF TOMATOES 

J. L Wdimek 

The buckeye rot of tomato fruit, caused by Phytophthora terrestna was 
first described by Sherbakoff from Florida in 1917. He had knowledge of 
its existence m soutljem Floiida since 1915, and preserved specimens 
found in the laboratory of the Florida Agricultural Experiment Station 
indicated that it had been prevalent as early as 1911. This disease was 
reported to the Plant Disease Survey from Arkansas and Porto Rico in 
1917 and from Texas and Louisiana in 1918. Bruner states that what he 
supposed to be Phytophthora terrestna was found causing a rot of green 
tomatoes in Cuba in 1918. So far as available records show, this disease 
is present only in tropical or subtropical regions. The pm pose of this 
note is to record its occurrence in Alexandria County, Va., on the United 
States Department of Agriculture experimental farm at Arlington, Vir¬ 
ginia, in 1919. 

During the latter part of August several green tomatoes showing the 
typical brown lesions with the concentric rings, as illustrated by Shorba- 
koff, were found. Other specimens were obtained at different times 
throughout the remainder of the season not only in this but also in two 
other patches, each beiog a considerable distance from the other. In 
the patch where the first specimens were found considerable damage 
resulted to the fruit in contact with or very close to the soil. In no case, 
however, was the f^gus found causing a disease of the stems or leaves. 
Isolations were noalae and a Phytophthora conforming to the description 
of P. terrestria obtained, and its parasitism proved by inoculations made 
from pure cultures into tomatoes. This organism was also compared with 
an authentic culture of P. terrestna from Florida. 

Buckeye rot of tomatoes, then, is not restricted to the extreme Southern 
States, as previous reports on its occurrence might seem to indicate. 
Buheait of Plant Industry 
Washington, D. C. 
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VARIETAL SUSCEPTIBILITY TO FALSE BLOSSOM IN CRANBERRIES 

S. B. Fbackbb 

On a recent examination of nursery inspection reports, the writer was 
impressed with the marked difference between the varieties of cranberries 
in the amount of “false blossom” found on the bog. The variation was 
so striking that an analysis of the reports for the past five years was made 
and it is presented herewith. 

The nursery inspection ofl&ce of the State Department of Agriculture of 
Wisconsin was requested in 1915 to provide for the inspection of cran¬ 
berry vines and to grant certificates in the same way that other plants 
and plant products for propagation are handled. An accusation that 
certain growers were planning to dispose of vines in which false blossom 
was present was the original cause of this action, and this disease con¬ 
dition has been the principal cause for refusing to grant inspection certif¬ 
icates to cranberry growers, although occaaonally the presence of insect 
pests has resulted in similar action. 

The so-called “false blossom” condition has been described by Shear* 
and by Jones and Shear In Wisconsin it is the cause of a serious loss in 
production. The symptoms are the development of what appears to be 
a blossom, followed by a green shoot instead of a berry. The pedicel of 
the flower remains erect instead of bending over, as normal blossoms 
do, and it is said to be distinguished from lack of pollination in this manner. 

No organism responsible for the iarouble has been isolated, and there is 
little evidence to show that the condition is an infectious disease. It is 
fairly common in Wisconsin bogs which have been planted to berries of 
the so-called “Berlin” group, although varieties not belonging to this 
group have also developed the same condition. An idea of its prevalence 
may be gained from the fact that it has been necessary to Refuse permits 
for the sale of plants from an average of 54 acres per year or about 20 per 
cent of the 252 acres inspected. 

The acreage of the varieties inspected and the per cent of false 
blossom found are shown in the following table. 

Two extremes of sdsceptibility are apparent. The native Wisconsin 
varieties, Bell and Cherry and Metallic Bell are so uniformly victims of 
this condition that the source of plants of these varieties has become 
greatly reduced. In fact the situation is shown too conservatively in 
the table, for large acreages in which false blossom was found in 1915 

^ Shear, C. L. Cranberry diseases. Bui. UO, Bur. Plant Ind., U. S. D. A. 1907. 

»Jones, L. R., and Shear, C. L. A report upon falee blossom and other cranberry 
maladies. Rept. 27th Anl. Mtg. Wis. Cranb. Gr. Assn. 1914, pp. 13,14. 
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have been withdrawn from inspection and no plants have since been sold 
from these bogs. Less than half an acre of Metallic Bell a year, 6 per 
cent of the inspected area of this variety, has been licensed for sale. The 
44 per cent of the Bell and Cherry acreage shown represents leas than 10 
per cent of the bogs from which Bell and ChciTy might be sold were it 
not for false blossom. 

At the other extreme are the more vigorous growers, McFarlin, Searls 
Jumbo, and Prolific, with practically clear records. Bennett Jumbo 
seems to be comparatively resistant while the acreages of Potter’s Favorite, 
Early Ohio, and other varieties examined have been too small to show 
positive results. 

This varietal susceptibility might be considered as due to the different 
cultural conditions under which the different varieties are grown, but this 


TMe showing false blossom acreage 


TABISmiB I 1 I 0 TBD m ORDCB OP XOTAli 
AOBBAOB HTBFmCXBD 

ATEBAGB 

AGBBAGB 

mSPSCTCD 

ANNUAUCiY 

ATBBAGB 

AOBBAGB 

lOTBCrBX) 

ANNUALLT 

PBBOQMT 

DXGDABSn 

TOTAI* 
NXTMBBB 07 
IMBPjBHT- 
TIONS HADB 

1915-1919 

mTMBBB OF 
OWNIBBS 
OF 

117FB0!FBD 

PLANTS 

Searls Jumbo. 

79 

0 

0 

18 

0 

Bell and Cherry. 

60 

34.0 

56 

17 

8 

Bennett Jumbo. 

60 

11.0 

22 

16 

8 

lA’^arlin . 

37 

0 2 

1 

14 

1 

Prolfic. 

7 

0.4 

6 

16 

1 

Early Oh.o. 

7 

1.4 

20 

4 

2 

Metallic Beii . 

6 

5 6 

93 

14 

12 

Others and mixeu. 

6 

1 6 

27 

16 

5 

Total. 

1 252 

54.2 

21 




appears unlikely owing to the large number of different bogs upon which 
each variety was observed. It is the opinion of Mr. 0. G. Malde, who has 
made all the cranberry inspections for the department, that improper 
cultural conditions from which BeU and Cherry and Metallic Bell suffered 
years ago have resulted in deteriorated stock, but whether false blossom 
could be developed and inherited under such circumstances is questionable. 
Cultural conditions do greatly modify the severity of the attack, for the 
disease is much more common on wet bogs than on the drier type. The 
application of commercial fertilizer and sanding of the bogs have also 
resulted in an improvement even where false blossom was already present. 

Even though the cause may be a physiological one, plants from an 
infected bed continue to develop false blossom after being transferred to 
new locations. The loss usually then becomes greater from year to year 
and total crop failure has sometimes resulted, followed by tho abandon- 
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ment of the bogs. Under these circumstances the nursery inspection 
office must adopt the same policy in providing for cases of false blossom 
as if the disease were proven to be of an infectious nature. 

We are recommending to cranberry growers: (1) that they choose resis¬ 
tant varieties of strong, vigorous growth for new plantings; (2) that they 
take vines for new plantings from beds without a trace of false blossom; 
(3) that they adopt cultural methods which will seem’e the largest returns 
in healthy bogs, for these are also the best ones for assisting affected plants 
to overcome the false blossom condition. 

State Department of Agriculture 
Madison, Wisconsin 

OBSERVATIONS ON SEED TRANSMISSION OF THE CABBAGE BLACK 

ROT ORGANISM 

J. C. Walker and W. B. Tisdale 

Since its presence on cabbage seed after harvest was first demonstrated 
by Harding, Stewai’t, and Pnicha,^ the transmission of the cabbage black 
rot organism {Bacterium campestre (Pam.) Smith) in this manner has 
been generally assumed. These investigators further showed that when 
seeds were bathed in a water suspension of the organisms and allowed to 
dry, some of the latter were still viable and pathogenic after eleven months. 
Since conclusive evidence of the organism living over from one season to 
the next on naturally infected seed is dther lacking or very meager in the 
literature, obseivations strengthening this point and also giving evidence 
of the efficacy of seed disinfection are offered in this note. 

The disease appeared in epiphytotio form in a large number of fields 
in the Racine, Wisconsin, district in 1919. When first observed on 
August 14 in a field of Copenhagen Market variety, it was well advanced 
and of such long standing that many plants had been prevented from 
heading. Part of this same field was planted with a late variety which 
came from a different source and these plants were practically free from 
disease. Further survey of this region during the remainder of the 
season showed many fields with general infection, while in numerous 
instances another variety in the same field was entirely healthy. 

Inquiry as to the source of seed in each case revealed the fact that in 
every instance where black rot developed in epiphytotic form the seed 
had been secured from the same local seedsman. This dealer, it was 
learned, had distributed two lots of 1918-grown seed in the spring of 

1 Harding, H. A., Stewart, M. C., and Frucha, M. J. Vitality of the cabbage black 
rot germ on cabbage seed. N. Y. (Geneva) Agr. Exp. Sta. Bui. 261, p. 177-194. 
1904. 
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1919, both of which had been imported during the previous winter. These 
consisted of one lot (1) of Hollander variety, and one lot (2) of Copenhagen 
Market, Every field examined where seed from cither of these two lots 
had been used showed more or less black rot. 

A similar condition was found in the vicinity of Appleton, Wis¬ 
consin, where one dealer distributed a lot of imported seed of the Hol¬ 
lander variety (lot 3). In the two fields examined where seed from this 
lot had been used, black rot was very prevalent. Moreover in both 
instances plants from another lot of seed which had been used alongside 
the imported strain were practically free from disease except in rows 
immediately adjacent to the latter, where recent spread had occurred. 


TABLE 1 

Summary of field obaei vations on the occurrence of black rot in the Racine, and Apple- 

ton, Wisconsin, districts in 1919 


hoc KhYTY 

riBLD 

NUMBER 

V4RILTT 

BQED LOT 
NUMBER 

DATE or 
OBBERVVriON 

g! ^ td 

hil 

M i4 H ^ 

g ^ « 

K 2 " c. 

ilsS 

gt-KtS 


1 

Copenliagen 

B 

August 14 

95 

60 


2 

Copenhagen* 


August 29 

1 

* 


3 

Hollander 

■■ 

September 1 

100 

94 

Racine 

4 

Hollander 


September 1 

69 



5 

Hollander 

1 

October 13 

95 



6 

Hollander* 

1 

September 1 

12 

1 


7 

Hollander* 

1 

October 14 

1 

0 


8 

Hollander 

3 

October 10 

74 

13 

AppiCTfOn»*« «r 

9 

Hollander 

3 

October 10 * 

60 

23 


* Seed treated before planting with 1:1000 mei curie chloride for thirty minutes. 

%■ 


tn several instances both in the Racine and Appleton sections, plants 
of the infected and the uninfected strains had been grown in the same seed 
bed, thus confirming the assumption that the pathogen had been introduced 
with the seed rather than by way of the soil. A summary of the obser¬ 
vations in various fields is given in table 1. Spread of the disease from 
infected portions of fields to healthy plants of different origin in adjoin¬ 
ing areas became very apparent several weeks after transplanting. In 
the case of field 3, for instance, counts were* made in an adjacent plot of 
cabbage grown from clean seed. On September 1, ei^ht to nine weeks 
after transplanting, the row next to the plot of infected Hollander showed 
98 per cent of the plants with marginal infections of fairly recent origin; 
the second row showed 67 per cent; the sixth row 66 per cent; and the 
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twelfth row 18 per cent. It is thus clearly evident that the black rot 
oiftaniam is readily disseminated m the field by natural agencies. In 
field 3 the disease progi’essed so rapidly that most of the plants were 
prevented from heading. In other fields where a large percentage of the 
plants headed, the soft lot which followed did considerable damage before 
harvest or caused heavy losses in transit. 

It should be noted that in the three cases wheie the seed was treated 
before sowing with mercuric chloiide, accordmg to directions sent out 
by the Wisconsin Expenment Station, the disease was well controlled. 

University op Wisconsin 

AND 

Bureau op Plant Industry 
Madison, Wisconsin 

« 

RESULTS OF WHITE PINE BLISTER RUST CONTROL IN 1919 

S B. Dutwildb 

Blister rust has made steady progress in the generally infected white 
pine region of New England and New York. Extensive areas of severely 
infected pines exist in most of these States. In a 41-acre pine lot at 
Littleton, Now Hampshire, coiitaimng a total of 5442 native white pines 
averaging 6 inches in diameter, breast height, 55.4 per cent of the trees 
were recently found infected with tiae rust. This infection is entirely 
due to wild Ribes (cmTants and gooseberries). Wild gooseberries scat¬ 
tered over the 41-acre plot average 30 bushes per acre, 199 feet of loaf- 
bearing Ribes stems per acre. Strip surveys on compass lines a rod wide, 
totalling 221 miles in length, were run out from this pine lot in five di¬ 
rections across the surroundmg country. Out of 2856 pine trees growing 
on this strip, 26.4 per cent were infected. 

These data indicate that one-fourth of the pines in an area approximately 
9 miles long and 8 miles wide are already infected with the disease. The 
oldest blister rust canker found on pine in this region is estimated to have 
started in 1906. These figures show that pine infection is progressing 
more rapidly than was estimated previously. 

Conti’ol of the disease through destruction of currant and gooseberry 
bushes has been tried experimentally since 1916, in cooperation with the 
New England States and New York. The results in 1919 show that such 
control is practical and effective in protecting a given area of pines. On 
four control areas from which currant and gooseberry bushes were ranoved 
in 1916 and early in 1917, careful scouting this year failed to reveal any 
new pine infections occurring since the Ribes were destroyed. Under 
competent direction, unsldUed laborers can be quickly trained to find and 
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destroy over 95 per cent of the wild currant and goosebciiy hushes the 
first time Ihcj'^ go over the control ai‘ca. In 1919, accurate chocks wore 
made on 1070 check plots containing over 750,000 hushes, to determine 
the thorouglmcss with Avhich Ribes eradication was done. As part of 
their training, the crews made 642 checks, in which a total of 246,254 
bushes, or 96.4 per cent, were uprooted in the first working, 8095 the 
second time over the ground, 905 the thu'd time, 125 the fom’th time, and 
10 the fifth time. On 6 areas worked in previous years, totalling 1725 
acres, 152,942 bushes were found in the original working and only 6474 
bushes were found in checking. This is an efficiency rating of 95.9 per 
cent for the first 'working. Of the bushes found in checking, 4105 (or 
2,6 per cent of the total found) were obviously missed when the areas 
were first worked; and 2369 (or 1.5 per cent of the total found) were sprouts 
and seedhngs that had developed after the first working. On an acre 
basis, 89 Ribes bushes were destroyed in the first working, 2 bushes were 
missed, and 1 new plant appeared after the work was done. On 65 plots 
where the number of bushes was coimted before and after the crews 
worked the areas, and where the men did not know their work was being 
checked, they found and destroyed 96 per cent pf the bushes. Federal 
and state inspectors made numerous other checks which also show that 
the crews destroy in excess of 95 per cent of the bushes in the regular 
course of their work. Some of the check plots were gone over 10 to 15 
times in order to be certain that no plants were missed. 

It was found that on an area where only 87 per cent of the Ribes bushes 
were taken out in the first Avorking, these bushes boro 96.6 per cent of the 
leaves. In this test, the area was gone over four times, and the leaves 
on 2194 bushes were counted. In the first working, 94,429 leaves were 
destroyed, and in the other three workings, only 3094 leaves were found. 
Measurements of the annual growth of 836 wild gooseberry bushes gave 
an average height growth of 5 inches per year for four years. Other 
counts showed that less than 5 per cent of the wild gooseberry bushes 
produce fruit, even in favorable crop years. Intensive study of Ribes 
seedlings on small plots demonstrate that they summer kill as well as 
winter kill, so that only a very small percentage live through the first 
year. 

The cost per acre of Ribes eradication is low. The State crews eradi¬ 
cated 4,265,000 Ribes from 241,690 acres in 1919, at an average cost of 
64 cents per acre. In 1918 the average cost was 66 cents per acre on 
areas totalling 135,239 acres. This reduction in cost was secured through 
scientific methods of locating Ribes in regions where they are not generally 
distributed. By this means, the average cost per acre in New Hampshire 
was reduced from 39 cents last year to 21 cente thia year. In Rhode 
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Island ihis method reduced the cost from 27 cents per acre in 1918 to 11 
cents per acre in 1919. The cost per acre in New York was much greater, 
due to an average of 92 wild currant and gooseberry bushes per acre, 
whereas in New Hampshire the average was only 10 bushes per acre. It 
is confidently expected that further experimental work will result in 
greatly reducing the cost without decreasing the efficiency of the work. 
In this connection, three years’ experimental work in spraying Eibes 
with various chemicals indicates that dip oil and fuel oil, alone or in com¬ 
bination, are effective in destroying Eibes. Where the bushes are very 
numerous, the cost of eradication by chemicals is apparently much less 
than by hand pulling. 

About $10,000 for cooperative Eibes eradication in New York in 1919 
was subscribed by individuals and associations. In New Hampshire, 53 
towns appropriated a total of $8514 for cooperative eradication of Eibes, 
and 34 individuals and firms subscribed an additional $2053. In Massa¬ 
chusetts, local cooperators furnished $1075. The sympathetic attitude 
of the public toward blister rust control is further evidenced by the fact 
that in New Hampshire 21,171 cultivated currant and gooseberry bushes 
were destroyed, and that compensation, as provided by law, was asked 
for by only three owners. 

The necessity for developing local control of the bHster rust is apparent 
from the rate of increase of the disease in native pine stands; and the 
demonstrated practicability of Eibes eradication fully justifies pine owners 
in undertaking this work on a large scale. Studies conducted by the 
•Ofl&ce of Forest Pathology, Bureau of Plant Industry, on the distribution 
'Of sporidia and the distance that infection has actually ocemred upon 
pines from known infected Eibes, indicate that the Eibes-free zone should 
be, under average conditions, 200 to 300 yards in width. Tests of the 
longevity of the sporidia showed that they remained viable for a period 
of less than ten minutes where the humidity was 90 per cent. 

Recommendations relative to control measures are summarized in the 
following extract from the resolutions of the Fifth International Blister 
Rust ConforoncG, held at Albany, New York, on December 8-9,1919: 

The Fifth Inteinational Blister Rust Conference urgently recommends the com¬ 
plete destruction of all Ribes within a distance of 200 to 300 yards of native and 
planted pines in regions where blister rust is present or within dangerous proximity. 
Owing to wide variations in the distance that spores spread from Ribes to pine, due 
largely to the nature of the vegetation intervening between the Ribes and pine, and 
to weather conditions, it is impossible to establish a fixed width of Ribes-free zone 
which will be equally applicable to all localities; but it is the opinion of this Confer¬ 
ence, based upon recent investigations, that a Ribes-free zone of 200 to 300 yards in 
width will be suflB,oient to insure the commercial growing of white pine under average 
conditions. It is also 'recommended that white pine should not be planted in the 
locality of large plantations of Ribes, especially cultivated black currants. 
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Scouting was continued in the Middle Western and Southeastern States 
where the white pine is native and planted. The disease was found only- 
in single plantations in Michigan and New Jersey. An area of disease 
approximately 150 miles long and 100 miles wide was found to exist in 
Wisconsin and Minnesota. At a conference held at Saint Paul, Minnesot a, 
in October, 1919, to which representatives of the Lake States and Canada 
were invited, the conclusion was reached that the policy in these two 
states should be local control of the disease on the same basis as in New 
England. 

A number of violations of the Federal quarantine against shipment of 
Ribes and white pines into the Pacific Coast and Rocky Mountain States 
were discovered in 1919. These states have been well scouted for four 
years and no blister rust has been found; but unless nursery stock of five- 
needled pines and of Ribes from infected regions is absolutely excluded 
from the far West, it is practically certain that the blister rust will event¬ 
ually be introduced there. The fact that 65 species of wild Ribes are 
native to western North Ameiica and constitute a large proportion of 
the undergrowth in much of the western white pine and sugar pine forests, 
makes it imperative that the blister rust be kept out of this region if 
humanly possible to do so. 

Burbaxi of Plant Industry 
Washington, D. C. 
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Samuel McCutchen Bain was bom at Eagleville, Rutherford County, 
Tennessee, January 14,1869, and died at Kno3Cville, Tennessee, January 30, 
1919. He was reared on a farm and educated in the public and private 
schools of his neighborhood. *He received the equivalent of a classical 
college course in Eagleville School, but his scientific education was obtained 
for the most part by independent study. He studied French and German 
under the instruction of Miss Evel 3 m Franklin, whom he married at 
Henderson, Tennessee, June 6, 1891. 

Early in life he developed a love for the sciences, especially for botany. 
With the few books he had at his command, he commenced the study of 
the flora of his neighborhood. Before his graduation, he was asked to give 
courses in the sciences in Eagleville School, where he showed great pro¬ 
ficiency and ingenuity in the construction and handling of apparatus in 
teaching chemistry and physics. * In 1890 he was called to Union Uni¬ 
versity at Jackson, Tennessee, to assist in the teaching of sciences and 
French. He soon took up the study of the flora of that section and the 
collecting of material for his “Plantae Tennessei Occidentalis.” During a 
vacation in 1892, he took a portion of his collection to the University of 
Tennessee to compare it with the specimens in the University herbarium. 
Doctor F. Lamson-Scribner, who was at that time Professor of Botany 
in the University, was greatly impressed with his work, and asked him to 
return the following year (1893) as his assistant. A short time later 
Doctor Scribner left the University, and Professor Bain was made In¬ 
structor in Botany and Geology and Assistant Botanist in the Agricul¬ 
tural Experiment Station. He was advanced in position gradually and 
was made Professor of Botany in the University and Botanist in the Sta¬ 
tion in 1901. He continued his studies of the flora of the state, and 
added very materially to the University herbarium. In his Experiment 
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Station work he soon became interested in the preparation and use of 
fungicideR. After several years of intense study and experimenting, he 
published in 1902 his bulletin on “The Action of Copper on Leaves,” 
which gained for him wide notice among the agricultural workers of 
America and Europe. 

In 1904 he was appointed Special Agent and Collaborator in Cotton 
Breeding Experiments in the boh weevil investigations of the U. S. 
Department of Agriculture. He devoted one-half his time to this work 
for a number of years, working in West Tennessee, Arkansas, and Texas. 
While he was actively engaged in this work, he brought out the weh 
known “Trice Cotton,” which is now grown very extensively in the South. 
He spent more than a year in stud 3 dng the oil content of cotton seed, the 
results of which have never been published. 

About the time of his appointment in the U. S. Department of Agri¬ 
culture, he became interested in the selection of plants resistant tb disease. 
He selected and propagated a strain of red clover resistant to anthracnose, 
a disease which had well nigh put an end to the growing of red clover in the 
State. This selection work had much to do with restoring the growing of 
red clover in Tennessee. He soon started on a comprehensive scale the 
selection of other crop plants resistant to specific diseases, but this work 
was greatly hindered by illness during the latter years of his life. Several 
projects along this line were unfinished at the time of his death. 

Professor Bain was as successful a teacher as an investigator. He 
never sought after large classes; but he had the ability to draw about him 
a small band of deeply interested students, who were inspired by his 
earnestness and devotion to his subject, as well as by his cheerful and lov¬ 
able disposition. No teacher ever had more loyal pupils. He believed in 
teaching Botany as a pure science, belieying that the practical application 
of the subject would take care of itself. As he had never had a teacher of 
Botany hhnself, he developed his own peculiar methods of presenting the 
subject, Through his wide study and his own researches, he was able to 
give his students instructions fully up to the standards set by other insti¬ 
tutions. Many of his pupils have been called to teaching and station 
positions in other institutions. He published a number of papers on 
botanical subjects, and there are several unfinished manusmpts among 
his files. Some years ago, he began a paper, “Southern Contributions to 
Natural History,” which was never finished. He left a valuable collec¬ 
tion of pictures of the plants of the Tennessee mountains, ‘mn o eg which 
are a number of color photographs unexcelled for their beauty. He was a 
pioneer in the devdopment and application of the autochrome process of 
color photography in this country. 
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As a man, Professor Bain was noted for his unfailing good humor and 
optimism. He was under all conditions polite, genial, kind, and good- 
natured. Even during the years of his ill health, he never lost the spirit 
of good cheer. He was always ready to offer council, and not afraid to 
ask advice of others. My personal recollections of him are very vivid. 
His teaching was mostly out of 'doors, in the woods and fields. He took 
his classes on many long trips around the country. During the long 
summer vacations, he spent his whole time collecting and studying the 
flora of West Tennessee. 

Professor Bain was a Fellow of the American Association for the Ad¬ 
vancement of Science, a member of the Association Internationale des 
Botanistes, (1900); Member auxiliare (1902), Associ6 fibre (1912) de 
I’Academie Internationale de Geographie Botanique; member of the St. 
Louis Academy of Sciences; member Royal Society of Arts, (1911); 
Member Botanical Society of America; charter member of the American 
Phjrtopathological Society; charter member Tennessee Academy of 
Science, (1912), and Preadent of same in 1916. 
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FOREWORD 

During the past few years the question of disease transmission by in¬ 
sects has assumed such gigantic proportions that it has seemed advisable 
to canvass the whole subject in a more or less general manner in order to 
determine whether certain principles may not be found applicable to in¬ 
sect transmission of both plant and animal diseases. 

The literature of human and animal pathology is now full of examples of 
insect transmission of disease; and following the early work of Merton B. 
Waite (158, 1892) and Erwin F. Smith (126,1896) the attention of plant 
pathologists has been more and more directed toward this phase of the 
subject. As a matter of fact, the whole question of insect transmission of 
disease may be stated in such a way as to cover both the plant and animal 
kingdoms in one statement. However, since this paper is written pri¬ 
marily in the interests of plant pathologists, only sufficient examples wiH 
be ^ven amo^ animal diseases to show the distinct correlation of insect 
transmission in these two branches of pathology. 

GENERAL RELATIONS OF INSECTS TO PARASITIC DISEASES 

There are many conditions of disturbed function or anatomy caused 
directly by insects or other small animals without the intervention of para¬ 
sitic microorganisms. Such, for instance, are the local irritations result¬ 
ing from the bite of the tick, flea, spider, or mosquito, and the various 
dermatoses caused by lice, chigoe, red bug, and mites, among animals; 
and the various forms of^erinose and stigmonose, and many insect galls, 
among plants. Some of th^e conditions may as truly be included under 
the heading of disease as disturbances caused by microorganisms, but they 
scarcely come within the scope of the present paper. 

Setilng aside, then, such cases of disease as are of direct insect causa¬ 
tion, there are three general relations which an insect may bear toward 
diseases due to microerganisms. The infective principle (1) may be picked 
up by the insect on external parts of its body, such as the legs or outer 
mputh parts, where it may retain its virulence for a certain period of time. 
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In these cases the of ganism may be (a) directly inoculated, as into wounds 
made by the insect carrier, or (b) accidentally sown from its body under 
such conditions that infection follows. Such purely’mechanical dissemi¬ 
nation may be the means of spreading infection over a wide territory. 

Again, (2) an insect without itself carrying infection, may cause wounds 
through which parasitic microorganisms find easy access into the plant 
or animal body, brought there by other agencies. • 

Furthermore, (3) microorganisms are often taken up by an insect during 
the feeding process and passed along unharmed through the alimentary 
tract. If the infective principle (a) is merely taken into the body of the 
insect, and, without change or multiplication, passed out in a normal way, 
this mode of dissemination may be spoken of as mechanical internal trans¬ 
mission. If, however, the infective principle (b) develops or multiplies 
within the insect body, or by its own movement goes counter to the usual 
course of substances through the body and finally arrives at a point 
from which it may be successfully transferred to its alternate host, the 
mode of dissemination is designated as biological internal transmission. 

An insect may transmit a parasite to susceptible parts of the host with¬ 
out wounding it, and this may be done either by eirternal, or by internal 
(mechanical or biological) carriage, or by both. In other cases it may 
also directly introduce the same parasite into wounds which it makes, and 
here again the infection may be carried either mechanically or biologically. 
With respect to the same disease there may be still other cases where indi-_ 
vidual insects, which are in no sense carriers, make wounds through which 
the parasite already present or subsequently present is introduced. In 
other words there is more or less overlapping of the different forms of 
insect transmission, but since the extremes are clear and definite and since 
one form of transmission or another generally predominates, this classi¬ 
fication serves a useful purpose, and so far as the data at hand warrant, 
it wiU be followed in the present paper. 

EXTERNAL TRANSMISSION OF PARASITIC MICROORGANISMS 

External Msseminalion and direct inoculation by ike insect carrier 

Mechanical external carriage and inoculation of pathogmiic miCTodr- 
ganisms by insects is very common among both plant and animal diseases. 
By way of example among diseases of vertebrates it may be stated that 
some of the parasitic trypanosomes are mechanically carried in or on the 
probosces of blood-suc^g insects after they have taken blood from an 
infected animal. When these insects feed a second time the trypanosomes 
pass directly into the vertebrate host, without having undergone any 
further change or development (cf. also p. 214). 
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Bacterial diseases. Among plants fire blight of pojnaceous fruit trees 
caused by Bacillus amylovorus (Burrill) Trev. is the first disease of microbic 
origin shown by definite and extensive experimental evidence to be di¬ 
rectly disseminated by insects. For the most part this disease is carried 
and definitely inoculated either into the fluid on the susceptible nectar 
discs or into wounds made by the insect carriers. Forbes in 1884 (45, p. 
150) had suggested that probably tarnished plant bugs were often active 
agents in conveying the “virus” of the blight from tree to tree by inocu¬ 
lation with the infected sap. At this time, however, the question of in¬ 
sect transmission in diseases of both plants and animals was a rather moot 
point, and such speculative suggestions pro and con were the order of the 
day. It remained for the epoch-making studies of Waite (158-162, 1892- 
1906) to actually demonstrate the dependence of a plant disease on insect 
dissemination. He proved experimentally (158, 1892) that the bacillus 
of fire blight is carried from flower to flower by bees and other insects visit¬ 
ing the blossoms for pollen and nectar, and that the bacilli are present and 
multiply in the nectar after insect visits and that blossom blight is con¬ 
tracted in this manner and only in this manner. Later (159, p. 298, 
1896) he states that the warm, moist weather which brings out the blos¬ 
soms is particularly favorable to the development of the blight and that 
the baeteria-laden gum from “hold-over” cankers is then exuded copiously. 
Bees, wasps, and flies are attracted to this ooze and undoubtedly first carry 
the microbes to the blossoms in this manner. From these first infected 
flowers the disease spreads with great rapidity. It is almost certain also, 
he says, that after the blooming period insects carry the blight to the young, 
growing tips. The germs on the new growth of the season first appear on 
the nectar discs (160, 1898), where they live and multiply, and they can 
enter the host at tliis point without puncture or other injury. In 1902 
(161) he stated, “We have scarcely been able to find a direct normal 
method of introduction of the disease to twigp without the introduction of 
some mechanical or insect puncture.” Waite obseiwed upwards of 40 
species of insects visiting pear blossoms, and many of them were demon¬ 
strated experimentally to be carriers. The honey bee was shown to be 
most important in spreading the blossom blight. In different parts of the 
United Static Bacillus amylovorus (Bur.) Trev. was repeatedly isolated 
from the mouth parts of this insect. Again and again the blight was in¬ 
oculated inside of bags and kept in, and outside of bags and kept out. The 
direct insect relation was clearly established. It was found that insects 
not only distribute the blight but are active agents in puncturing the germs 
into the tissues (162, p. 143,1906). 

Following this pioneer work of Waite many investigators have reported 
upon various phases of the blight-insect relation; and up to the present 
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time more investigators have worked upon the insect dissemination of this 
blight than upon that of any other plant disease. In 1909 Whetzel and 
Stewart (168, p. 39) concluded on observational evidence that aphids and 
leaf-hoppers are largely responsible for introducing the germ into the tips 
of growing shoots, while these insects, together with the curculio, fre¬ 
quently infect wounds which they make in the fruit. In the pear orchard 
they found the disease seldom appearing until the trees begin to bear, that 
is, until blossoms are present for inoculation by insects. According to the 
observations and experimental evidence in one locality given by D. H. 
Jones in 1909 and 1910 (68-69) it appeared that a large proportion of the 
new twig and water-sprout infections, and practically all that occurred 
after the blooming period, was due to dissemination and inoculation of the 
blight bacillus by aphids, chiefly of the two species Aphis mali Fitch and 
Schizoneura lanig&ra Hausm. Aphids were also found to be the principal 
means of spreading the disease in apple nurseries, and control of the aphids 
reduced the number of blight infections. D. H. Jones also traced many 
cases of blight in pear trees to wounds due to the bark-borer (Scolytus rug- 
ulosus Ratz.) and obtained cultures of the blight bacillus from several of 
these beetles taken from diseased pear trees. These beetles were also 
found in apparently healthy bark which later developed the blight around 
the vicinity of their borings. In 1911 (70-71) Jones gave further circum¬ 
stantial evidence and finally by direct experiment proved that this beetle 
carries and inoculates the fire-blight germ. V. B. Stewart in 1913 (143- 
144) observed that fire blight is spread by aphids in quince nurseries, and 
showed by direct greenhouse experiments that infections occur through 
aphid punctures in young, succulent tissues. However, in the region un¬ 
der his observation, he found the tarnished plant bug (Lygus pratensis L.) 
to be much more important in the dissemination of the blight germ in 
nursery stock. By direct experiment he showed that these insects visit 
blighted tissues, become smeared with the gummy exudate, carry the bac¬ 
teria to the tender growing tips, and inoculate the host faues while suck¬ 
ing up the sap, with the result that the twigs soon develop typical blight. 
Referring to the collar-blight form of the disease on apple trees, C. R. 
Orton and Adams in 1914 (100) remark that ‘‘the apple-tree borer is prob¬ 
ably the moat active agent in the spread of the causal organism,’' and 
later (101,1915) they found that in 90 per cent of the observations on col¬ 
lar blight, apple-tree borers had been associated with the disease at the 
collar. "V^ether this insect was a direct carrier or only provided points 
of entry for the blight germ was not determined. However, on account 
of the almost universal presence of wooly aphis (Schizoneura Imigera 
Hausm.) in coUar-blight eases in Paonsylvania, it was thought possible 
that the aphis might be a carrier to the wounds made by borers. These 
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aphids congregate wherever exudations of sap occur. In explanation of 
an unusual outbreak of apple blossom-blight, Reed, in 1914 (111), attri¬ 
buted the large numbers of insects, particularly honey bees, during the 
blooming period to the preceding mild winter and late spring. He con¬ 
sidered this particular epidemic as due to the concomitance of large num¬ 
bers of blossoms, insects and hold-over cankers. Stewart and Leonard in 
1915 (145) proved by direct experiment on apple seedlings that four 
sucking insects {Campylomma verbasd Herrich-Schaeffer, Orthotylus fiavo- 
sparms Sahlberg, Poeciloscytus hasalis Reuter, and Adelph)coris rapidm 
Say.) ai*e capable of disseminating and inoculating the blight germ. These 
authors consider the tarnished plant bug (Lygits pratensis L.) and Campy¬ 
lomma verbasd particularly important because of their abundance in nur¬ 
series and because they attack chiefly the tips of shoots where conditions 
are best for infection. The apple red bugs and the false tarnished plant 
bug are also given on circumstantial evidence as probable disseminators. 
In Wisconsin, A. C. Burrill experimentally demonstrated (22, 1915) that 
aphids {Aphis avenue Fab.) and leafhoppers {Empoasca moM Le Baron) 
carry infection and inoculate it into the wild crabapple {Pyrus coronaria 
L.). As a result of preliminary studies, Heald (67, 1915) concludes that 
leaf invasions by Badllus amylovorus through water pores or stomata may 
in some cases be of common occurrence. (Up to this time the general 
supposition, based upon much careful work, had been that with the excep¬ 
tion of the nectary infections, mechanical injuries of some sort were nec¬ 
essary for entrance of the organism. If this method of infection is of 
general occurrence and if it is shown that the germ can work its way from 
leaf to twig, the control of the disease will be greatly complicated.) Gos- 
sard (51), and Gossard and Walton (52) in 1916 showed experimentally 
that Badllus amylov<yi^ may remain viable for several da 3 rs in honey and 
in the honey dew of aphids. These facts increase the sources of possible 
insect contamination. In further insect experiments (1916) Stewart and 
Leonard (146) found that the apple leafhopper {Empoasca mali Le Baron) 
and a capsid {Plagiognathus poUtus Uhler) gave infections, while two 
species of fly {Pollenia rudis Fabricus, and Sapromyza hispina Loew) and 
the common pear psylla {Psylla pyricola Forster) gave negative results. 
They state that possibly flies may carry infection to blossoms and wounds, 
but on account of their method of feeding they think it is unlikely that 
these insects inoculate the bacillus directly into twigs. Merrill observed 
a direct relation between aphid infestation and amount of fireblight in¬ 
fection (90,1916) and later (91,1917) d^onstrated that aphids as readily 
deposit iheir ^gs in blight cankers as in other rough places in the bark, 
and soon aft«c Etching from the eggs in spring they crawl through the 
blight exudates. He also obtained infections by caging contaminated 
aphids on apple twigs (cf. p. 200). 
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In 1896 Erwin F. Smith (125, p. 22) experimentally transniitted the bac¬ 
terial wilt of solanaceom plants caused by Bactetium solanacearum Sm. 
using the Colorado potato beetle, Leptinotarsa dec&mlineata Say (formerly 
Doryphora decemlineata Say), previously fed upon diseased shoots. 

In the year following (126, p. 409,1897) E. F. Smith reports infection of 
cabbages with the black rot organism, Bacterium campestre (Pam.) Erw. 
Sm., by means of larvae of the American cabbage worm, Autographa bras- 
sicae Riley (formerly Plueia brassicae Riley), previously fed upon dis¬ 
eased plants. He also considered it almost cCTtain that the disease may be 
transmitted by various bugs, beetles, and insect larvae that feed on cruci¬ 
ferous plants. Water-pore infections were later (126, 1897; 128; 129, 
V. 2, p. 306, 1911) found to offer the usual mode of entrance for the bac¬ 
teria into the host tissues, but it was shown experimentally that infections 
also occur through the gnawings of insects and slugs, and that these small 
animals may be the means of spreading infection to the water pores. 
Substantially these results were confirmed by Russell and Harding m Wis¬ 
consin (114, 1898). Brenner in 1904 (19) confirmed the results of Smith 
and of Russell and demonstrated that aphids also successfully disseminate 
and inoculate the black rot bacteria into the host. He found that a single 
plant louse was sufficient to transmit the disease. 

The experiments by Manns (83, p. Ill, 116,1909) show that a bacterial 
blade blight of oats is distributed and inoculated by two species of aphids, 
Macrosiphum granana Buck, and Syphocoryne aoenae Fabr. 

Burger (21, 1914), working with a bacterial rot of lettuce, found large 
numbers of reddish-brown aphids present in infected fields, and showed 
by careful experiments that these insects could distribute and inoculato 
the disease. 

Fungous diseases, Sturgis (150, p. 191, 1898) reports a direct relation 
between bees and primary pod infections with limarbean mildew, caused 
by Phytophthara phaseoh Thaxt. He discusses the special adaptation of 
the flower for insect cross pollination, in which process the base of the 
ovary and the style are momentarily exposed and come in contact with 
the body of the bee. This insures cross pollination, but if the bee’s head 
or abdomen has previously touched a mildewed pod, fungous infection is 
no less certain to follow. Young pods often show evidence that infection 
has already occurred before the fall of the blossoms and that it always has 
taken place at the extreme base or tip of the young pods. These, he says, 
are the exact points touched by bees in visiting the flowers. 

Waite (161, 1902) thinks from extended field observations that bees 
are largely responsible for the rapid spread of peach and plum brown rot 
caused by SderoUnia frucHgem (Pers.) Nort. Wasps and soldier bugs 
and several other puncturing insects are also concerned in making openings 
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in sound fruit. Bees rapidly follow in the punctures made by other in¬ 
sects, and in California during June and July hundreds and thousands of 
bees may be seen swarming over the early ripening poaches and Japanese 
plums. In going over decayed fruit he thinks that they cany the fungous 
spores into wounds made by other insects, and states that they even cat 
large holes in the fruit, thus probably carrying infection and also inoculat¬ 
ing it directly into the fruit. W. M. Scott and Ayers in 1910 (119, p. 13) 
state that sucking insects of the squash-bug family (Coreidae) have been 
observed to punctime healthy and diseased fruits indiscriminately, thus 
not only distributing the spores but probably also inserting them into the 
peach. But these investigators and also Scott and Quaintance (120, p. 
3-4, 1910) consider the plinn curculio by far the worst offender. In the 
feeding and egg-laying processes the fruit is punctured and these wounds 
form a nidus for the brown-rot spores. This insect punctures the fruit 
through the coating of spray and is almost certainly also a carrier of the 
spores, so that the control of brown-rot is thus greatly complicated. 

James Scott in 1907 (118) states that certain insects, and among them the 
fungus fairy fly (Ca^dKv^ flamdiis Steph.), are to be regarded as secondary 
causes of the larch canker, since the causal fungus gains entrance through 
their injuries to the tender bark. Large numbers of the fairy fly and its 
larva, covered with spores, are found on the cankers and in the “witches 
brooms’' and so may distribute infection to fresh districts. The tiny punc¬ 
tures of the larch aphid (Chermes) are also known to be a predisposing 
cause of this disease and should be further investigated. The following 
year Maxwell (88) reports that the causal fungus gains entrance through 
wounds, but he considers that impaired vitality from any cause has more 
to do with predisposition to this disease than any direct connection between 
aphids and infection with the causal fungus, Dasyscypha calycina FcM. 

The hvd-rol of carnations was first reported by Wolcott in 1905 
(170), and on account of the constant presence of mites was then attributed 
entirely to their injuries. In 1908 Heald (56) proved that the disease is 
due to the fungus, Sporotrichum anthophUum Peck, and from observations 
and experiments he considered it almost certain that the mite acts as a 
carrier of the fungous spores which it inoculates into buds visited for feed¬ 
ing purposes. Wolcott in 1908 (171, p. 31) found this mite to belong to a 
new species which he named Pediculoides dianthopMlus. During the same 
year Stewart and Hodgkiss (142, p. 112-115) obtained substantially the 
same results. They add, “The fact that the disease sometimes destroys 
the interior of buds before they have begun to open is strong evidence that 
the spores are carried there by some animal and mites are the only animals 
found constantly in diseased buds.” The mites probably visit the healthy 
buds to feed on floral tissues. The spores carried on their bodies germinate, 
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attack the interior of the buds through injuries, and later cause the decay, 
in the decayed tissues the mite finds a congemal breeding place from which 
the young later migrate to healthy buds, thus completing the cycle. 

In Holland, Ritzema Bos (112,1906), and Quanjer (105, 1907) working 
with black leg of cabbage (caused by Phoma ohiacea Sacc.) showed experi¬ 
mentally that infection enters through wounds made by insects, particu¬ 
larly the cabbage maggot, Pegomya hrassicae Bouchd (formerly Anthomyia 
brassicae), and through injuries by wire worms and snails. They state 
that apparently aU these animals also transfer the fungus from diseased to 
healthy plants. Manns (84-85,1911), working in America, did not find the 
association of maggots and wire worms to be as important as did these 
European investigators. However, he considered these animals, together 
with the cabbage curculio, to be quite generally instrumental in to some 
degree aiding the fungus in its distribution and attack. 

From his personal observations and correspondence with other coimtries 
relative to Nectna diUssima Tul., Ducloux (38,1910) concluded that wooly 
aphis is in some way associated with the spread of this apple canker. 
Wiltshire, in 1914 (169) refers to the current opinion associating this insect 
with outbreaks of the Nectria canker, and states that Descours Desarces 
has proven that these insects carry the conidia on their wooly covering. 
Wiltshire, however, obtained negative results by inoculations made in 
various ways upon fresh aphis injuries. In late summer, after the bark 
bursts around these injuries, he thinks that entrance may possibly be af¬ 
forded, and this conclusion is supported by the fact that canker attacks 
usually occur in the year followmg outbreaJm of wooly aphis. Massee 
(87), in 1915, stated that the rapid spread of the Nectria canker coincided 
with the introduction and spread of the wooly aphis {ScMzoneura lanigera 
Hausm) into England. Its injuries on the branches of apple trees are ex¬ 
actly of the nature required by the fungus for entry into the host tissues. 
These insects, also, he says, carry the fungous spores. 

In connection with the pineapple fruzt-rot and leaf-spot caused by the 
fungus, TKielcmopds paradoxa von Hoh, (formerly T. cthaceticm Wont.), 
Larsen (75, p. 26, 1910) says that insects aid the fungus by injuring the 
fruit and leaf surfaces and by distributing the spores. The mealy bug 
(Pseudococcus bromeliae Bouoh4), and a grasshopper (Xyphidvum vanpenne 
Swezey) are considered most important in this connection. Of the leaf 
spots caused by this fungus, 75 per cent were found to have originated 
through grasshopper wounds. A^by (7, 1917) considers on circumstan¬ 
tial evidence that the spores of this same fungus, causing one of the “leaf- 
bitten" diseases of pineapple, are spread by the wind, by wind-borne rain¬ 
drops and by insects. He says fiurther that the striped weevil, Metama- 
sius sericeus Oliv., which is attracted to rotting patches on tibie heart leaves. 
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is an active flier and undoubtedly plays a part in disseminating the spores, 
(cf. p. 201). 

Grossenbacher and Duggar (55, 1911), on the basis of circumstantial 
evidence, consider it probable that various insects, and especially a small 
beetle, the American currant borer {Psenocerus supemotatm Say.), are in¬ 
strumental in spreading and inoculating the spores of Botrysphaeria ribis 
Gross. & Dug., the cause of a cane blight of currards. 

Taubenhaus (151, 1912) considers from circumstantial evidence that 
aphids and red spider distribute and inoculate spores of the anthracnose of 
sweet peas. 

In 1915 Nowell (95) associated the internal disease of cotton bolls with 
the attacks of certain sucking insects. This disease is characterized by a 
discoloration of the lint in unopened boUs without external signs of injury. 
In one series of observations NoweU and his associates found (a) the dis¬ 
ease absent in the absence of the cotton stainer bug (Dysdercus spp.), 
(b) a high percentage of the disease where the plants were infested with this 
insect, (c) a constant association of cell proliferations within the diseased 
carpels, suggesting injury by a piercing insect, and (d), where the stain was 
just beginning to show, the occurrence of water-soaked spots suggesting 
insect pxmetures. Punctures with a sterile needle usually gave nothing 
but mechanical injury. Cage experiments with cotton stainers, on the 
other hand, gave a high percentage of disease, while the controls gave little 
or none. It was thought probable that the mtemal boll disease is caused 
by a microdrganism brought in by this bug. The following year Nowell 
(96) discovered a specifle fungus causing the disease and showed that it 
was carried by or followed closely upon the attacks of plant feeding bugs. 
In his studies of 1917 (97-98) infection was found to take place without 
apparent exception through bug punctures, and mainly through those 
made by the cotton stainer. Control measures against this insect reduced 
the disease to negligible proportions over large areas. In 1918 (98) sev¬ 
eral other fungi were found also capable of causing internal boU disease, and 
these specific fungi were isolated from the fruits of local plants belonging 
to seven different orders. Careful cage experiments demonstrated that 
the punctures of the cotton stainer, green bug (Nezara viridula Linn.), the 
leaf-footed tomato bug {Leptoghssus bdlteatiis Linn.), and the red tomato 
bug {Phthia picta Drury) may all serve as channels for infection. Not a 
single case was found of infection other than through a bug puncture, and 
strong evidence was given that bugs are also the carriers. It appears that 
stainers carry one type of fungus and green bugs another, and this was 
correlated with the presence of these specific fungi on the respective pre¬ 
ferred food plants of these two insects. The species of fungus causing the 
disease in any one case depended upon the preceding food plant used, but 
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where bugs were taken from healthy plants no injection followed. The 
pea chink {Edessa meditabunda Pabr.) always gave negative results whether 
previously fed upon healthy or diseased plants, (but this insect scarcely 
pierces the outer covering of the boUs). 

Turner (157, 1918) found an association between kernel spot of pecan 
and the green solHier bug, Nezara viridula Linn. In 1916 he observed se¬ 
vere infestation of these green bugs in pecan groves, followed by a severe 
attack of kernel spot. Accordingly the following year some of these in¬ 
sects, collected from cowpeas, were enclosed for several weeks with pecan 
nuts on the trees. Examination of the nuts after they had ripened showed 
every one to be affected with kernel spot, while only two or three cases were 
found among several hundred nuts on the same tree, not confined with 
these insects. He had not determined upon the presence or absence of 
the fungus (Coniothyrium caryogenum R.) described by Rand in his pre- 
* liminary studies upon this disease (105 a, p. 330), but he considered, in 
any case, that Nezara viridula is an important agent, either as a direct 
cause or as a means of dissemination. 

External disseminalion and acddenial infection without direct inoculation 

General discussion. In many other instances the relation of the insect 
is predominently that of a mechanical carrier only. In typical cases of 
this t3rpe of dissemination the mfective principle is not directly inoculated 
into the host but accidentally sown from the insect’s body, as e.g. on 
wounds or other portions of the host favorable for infection. This method 
of transmission is common in diseases of both animals and plants. In 
studies of human and animal diseases it has been shown repeatedly that 
many insects which come in contact with infected material, such as fecal 
matter, pick up large numbers of disease germs on their l^s and bodies 
and carry these germs great distances, depositing them again on fecal mat¬ 
ter, or more important still, on food or wounds or sensitive membranes. 
The house fly especially has been convicted of the external transmission of 
many species of bacteria. Moat of the flies which frequent houses and 
food or visit man because of attraction to bodily secretions or injuries are 
also attracted to and breed in excreta or garbage. Hence the contaminar 
tion of food by direct transportation from infected excreta is a very simple 
matter. 

BatAerial diseases. By way of examples in animal pathology typhoid 
fever and dioWa may be mentioned. The typhoid bacilli are often taken 
up from infected material by the feet or mouth parts of flies and deposited 
upon liquid or solid food by means of which access is easily obtained to the 
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human alimentarj’ tract. Occasionally flies carry infection internally for 
long periods of tune (cf. p. 33). 

Cholera nbrios are also rather commonly disseminated by flies, particu¬ 
larly in those countries hke India where dejecta are not properly disposed 
of. 

Among bacterial diseases of plants, fire blight of pomaeeous fruit trees 
is frequently contracted through various injuries to the young shoots or 
tender, fleshy bark. In these cases insects and birds are the agents of dis¬ 
tribution (W'aite, 160, 1898). Whetzel (166, p. 115,1906) observed that 
flies constantly followed the pruner for the exuding sap and thought they 
might be agents in transferring the bacilli in this way from diseased to 
healthy trees. Hotson (62, 1916) found blight starting in hail injuries on 
twigs and fruit and considered the rapid spread to uninfected trees as 
probably due to various lan ds of insects, and especially ants which he 
found attracted by the exuding sap (cf. p. 192). 

R. E. Smith, C. O. Smith and H. J. Ramsey (134,1912) observed flies 
on diseased walnuts affected with the blight organism. Pseudomonas jug- 
landis Pierce, probably attracted there by the exuding organic matter 
mixed with bacteria. The blight organism was isolated from the bodies 
of such flies. 

Fungous diseases. Magnus (82, p. 95,1891) thought the teleutospores of 
species of Diorchidium well adapted to insect distribution because of the 
fact that they are sticky and are set free m dew drops or other moisture. 
Klebahn (73, p. 19-20, 1904) considered that insects play an important 
role in the distribution of rusts in general, and also suggested that the 
br%ht color of some species might attract insect^ and Falek (42, p. 56, 
1904) thought, on account of the odor frequently emanating from affected 
parts of the host, that the pycnospores were probably distributed by in¬ 
sects* Freeman in 1905 (46, p. 29) says that the early spring spores of 
rusts are often accompanied by structures [aecidia] exudmg sweet fluids 
attractive to insects, which may assist in sowing the spores. Johnson (66, 
1911) in his work on floret sterility of wheats in the southwest foimd this 
condition to a large extent caused by rusts. Examination of large num¬ 
bers of thnps showed rust spores attached to the appendages of a consider¬ 
able proportion. As the thrips were very numerous and very active, be 
considered that large quantities of spores must be distributed over indi¬ 
vidual pfents and between fields. The prevalence of rust spores between 
the glumes of wheat florets and the consequent rusting of the heads was 
thus tentatively accounted for. 

Ludwig (79,1892) caOs attention to the fact that those smtd spores which 
have a ro ughen ed cell wall are found on those parts of their hosts which are 
r^ularly visited by insects, while the smooth spored sorts occur on wind 
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pollinated plants or on parts not regularly visited by insects. Brefeld and 
Falck (18, 1905) and later Jensen (65, 1918) suggest that m anther smut 
of plants pollinated by insects as in Melandryum aXbum Garoke and Sapo~ 
nana o-fficinalis Linn, the smut spores are not disseminated like loose smut 
spores, by the wind. The flowers are visited by insects and in the case of 
hlelandiyum especially by night-flying butterflies. These insects stick 
their probosces into the blossoms to get honey and in this way the spores 
are forced out, and gettmg onto the insect body are said to be thus distri¬ 
buted to other flowers. 

According to Clinton (31, 1902) insects, and especially the small poma- 
ceous flies of the genus Drosophila, are undoubtedly one of the chief agents 
in the dispersal of hitter-rot of apples caused by GlomeruUa cingidata (Sto- 
nem.) S. and v. Schrenk. The Drosophila flies breed abundantly in the 
decaying apples; |and, in a damp chamber experiment, infection was car¬ 
ried by these flies from bitter-rot to sound apples. Thomas J. Burrill 
(23,1907) thought that the spores were to some extent distributed by pom¬ 
ace flies but considered that no insects are largely instrumaital in the dis¬ 
tribution or development of this dkease. 

Cobb (33, p. 116, 1906) thinks that the pineapple disease of sugar cane 
caused by Thielaviopsis paradoxa von Hoh. (formerly T. ethaxeticus) is often 
assisted in its distribution by insects, and that in aU probabihty they are 
attracted by the odor. Diseased cutting are often infested with mites 
and with the larvae of small beetles of the genus Carpophilus. Examina¬ 
tion of these beetles repeatedly disclosed spores of the fungus on their 
bodies, and as they move from cutting to cutting, he thinks that they un¬ 
doubtedly spread the disease. 'These beetles have a grinding crop with 
teeth fine enough to destroy the spores, only fragments of which were 
found in th^ intestines. Larsen (75, p. 26,1910), working with the same 
fungus causing a fruit rot of pineapples, says that the fruit beetle (Carpo¬ 
philus humerahs Fabr.) does not rupture the surface so far as could be as¬ 
certained, but that it distributes the spores from affected pineapples to 
newly made wounds in healthy fruits. The vinegar fly (Drosophila am- 
pehphUa Loew.) and other flies are also said to be important factors in 
distributing the spores (cf. p. 198). 

That the cihestnvi blight fungus, Endothia parasiUca (Murr.) P. J. & H. 
W. And., may be distributed by insects was early inferred by Murrill 
(94, 1906), Hodson (69, 1908), Metcalf and Collins (93, 1911), Metcalf 
(92, 1913), Fulton (47, 1912), and Rankin (110, 1912). Craighead, in 
1912 (35) found by cultural methods that the spores of this fungus are not 
viable after passage through the alimentary Iract of the longieom beetle, 
Leptostylus maclUa Say. This result was later confirmed by Anderson and 
Babcock (6, 1913), but they succeeded in culturing the blight fungus in 
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some cases from the bodies of ants artificially contaminated or collected 
from pustules on the trees. Studhalter (147, 1914) by microscopical and 
cultural tests found twenty species of insects carrying Endothia spores on 
their bodies. The longicom beetle was found to carry the largest num¬ 
bers of any of the insects tested, showing that even if the spores do not 
survive intestinal passage through this insect it may still be a factor in 
the dissemination of the fungus. Later in the same year Heald and Gard¬ 
ner (58) showed that the pycnospores retained their viability for some time 
in the soil, and suggested that this offers a possible means of transport of 
the spores in dried mud on insects, birds, squirrels etc. Studhalter and 
Heald (148, 1915) found that the largest number of pycnospores were ob¬ 
tained from birds and insects within about two to four da 3 rs after a rain. 
This corresponded closely with the time the largest numbers of spores were 
obtained from healthy bark below chestnut blight lesions. About the 
same time Studhalter and Euggles (149), reviewing their experiments and 
observations relative to insect transmission of this disease, conclude that 
some insects carry a large number of spores of Endothia parasitica and that 
they are important agents in the local dissemination of the disease. This, 
they state, is especially true of the longicorn beetle. On the other hand, 
Craighead (36, 1916) suggests that in order to play an important part in 
dissemination, an insect must migrate from diseased to healthy trees. 
Most of the Coleoptera discussed by Heald and by Ri^gles he says do not 
have this as a normal habit; the longicorn beetle never frequents healthy 
trees and most of the insects discussed by these authors are only occa¬ 
sional visitors. With respect to the chestnut blight, Craighead considers 
that the important role of insects consists in providing fresh wounds for 
the entrance of the chestnut blight fungus (cf. p. 204). 

L. R. Jones, Giddings, and Lutinan (72, p. 40,1912) assert that washing 
and das hin g about by rain is the most effective agency for local disseminar 
tion of the potato fungus, Phytophthora infestans (Mont.) de Bary. For 
longer distances wind and insects'probably cooperate. Larvae of the Colo¬ 
rado potato beetle previously fed on blighted leaves were kept in a damp 
chamber over night on two healthy potato plants both of which developed 
the disease in six days. The mature beetles are, of course, capable of car¬ 
rying the spores to greater distances and are doubtless important agents in 
the sowing of late blight infection in new fields 

Taubenhaus (152, 1913) claims that the black rot of 8we$t potato caused 
by Sphaeronema jimbriata (E. & H.) Sacc. is ^read in storage by meaim 
of mites and ^ideis. The disease followed when mites and spiders were 
transferred from diseased to healthy roots and pure cultures of the causal 
fungus were obtained when they were allowed to crawl over poured plat^ 
of solid culture media. 
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The same investigator (154, 1914) states that fruit flies are constantly 
associated with soft rot and ring rot of meet potoioes in storage. 

Whetzel (167, 1915) states that the spores of Botrytis blight of peony 
caused by Botrytis vulgaris Fries and Botrytis dnerea Pers. are produced in 
great quantities and are carried by wind and insects. Ants seem to carry 
the spores from the base of diseased stalks to the buds of healthy plants. 
Here in the exuded sugary solution so abundant on the unopened buds, he 
says, the spores find ideal conditions to germinate. 

McKay and Pool (81,1918) obtained Cercospora beticolaB&cc. in culture 
from the “yellow bear” (Diacrisia virginica Fab.) and in one case from 
the greater sugar-beet leaf-beetle {Monoxia puncticollis Say.) but not from 
the sugar-beet web worm {Loxostege stidicalis Linn.). These insects were 
collected in diseased beet fields and show that the spores of this fungus 
may be carried on the bodies of some insects. 

In work conducted at the Bureau of Entomology Field Laboratory at 
Thomasville, Georgia, in cooperation with the State Board of Entomology 
of Georgia, the late C. G. Crittenden and G. D. Smith proved that the 
green bug {Nezara viridula Linn.) after walking over a boll affected with 
coUon anthracnosef would leave a culture of the causal fungus in each foot 
print (Reported by Pierce). 

INFECTION THROUGH INSECT WOUNDS WITHOUT DISSEMINATION BY THE 

WOUNDING AGENT 

Many instances are on record, particularly among plant diseases, whQ*e 
insects are not directly concerned in transmitting the causal microorgan¬ 
isms, but where injuries which they initiate afford the necessary openings 
into the host body through which infections later take place. 

Bacterial diseases. Edgerton (39,1912), working with angular leaf-spot 
of cotton caused by Bacterium malvacearum Erw. Sm., states that there 
are a number of insects that puncture the bolls and thus aid the bacteria 
in gaining entrance, A considerable percentage of the water-soaked ini¬ 
tial infections, especially in the older bolls, have these small punctmres at 
the center, Faulwetter (43,1917; 44,1919) confirmed these observations 
and at the same time by cage experiments with jassids, found the part 
played by these insects in direct transport of the bacteria to be negligible. 

In the disease of sugar-beet and nasturtium leaves caused by Baaterium 
aptaivan Br. & Jam. Brown and Jamieson (20,1913) found from inocular 
tion experiments that infection takes place only through bruises or wounds 
due to insects or other mechanical causes. 

Fungous diseases. Barber (13, 1901) reports that the red rot of sugar¬ 
cane caused by Colleto^dium fahatum Went, appears in some localities to 
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lequiie a borer hole for entrance and that it usually does not spread to other 
parts of the cane from the jomt thus entered. In other cases it is propa¬ 
gated by use of diseased cuttmgs. Lewton-Brain (78, 1908) states that 
the fungus is essentially a wound parasite and that a deep wound reaching 
the soft inner tissues is necessary for its entrance. Injuries produced by 
the Hawaiian sugar-cane borer (JSphenophorus ohscwrus Boisd.) are the 
only insect wounds in Hawaii answering this purpose, those made by leaf 
hoppers not being deep enough. Again, Butler (24, 1906), and Butler 
and Hafiz Kahn (25, 1913) claim that uninjured canes are not attacked 
unless the parent stem is affected. The fungus is common around injuries 
made by a minute borer in the midribs of the leaves, and around wounds 
caused by stem borers. 

In discussing onion blight caused by the fungus Peronospora schhideni- 
ana de Bary, Whetzel (165, p. 145-146, 1904) says that leaves which have 
reached maturity or those weakened by breaking or by ravages of thrips 
seemed most easily infected by the fungus, while maggots also contribute 
their share in predisposing to this disease. 

During estperiments with biologic forms of Erysiphe graminis DC, Sal¬ 
mon (115,1905) found that one of the brome grasses {Bromus rac&msm L.) 
was immune against one form of this powdery mildew when its leaves were 
uninjured but became susceptible when they were punctured by aphids. 

Lewton-Brain (77, 1907) ^eaks of the Melaneonium fungus of rind 
dtsease of sugar cane as a wound parasite which in many cases probably 
enters through leafhopper punctures, but he considers the lowering of 
the host vitality by repeated attacks of this insect as more important in 
predigjosing to infection. It is claimed by Cobb (34, p, 107, 1909) that 
entrance to this fungus is afforded through tunnels of stem borers and 
through punctures of leaf hoppers in the tender upper internodes. 

MurriU (94, 1906) sugg^ts that green fly and twig borer wound the 
tree and thus give entrance to the chestnut-bli^t fungus (Endothia paror- 
sUica (Mutt.) P. J. & H. W. And. Ruggles (113, 1914) states that the 
m ak i n g of wounds in trees, which open the way for infection, is probably 
the most serious part which insects have in the dissemination of tbig dis¬ 
ease. Among thh insects most important in malring wounds are 17-year 
cicadas, tree hoppers, bark borers, and bast miners. A careful study of 
cicada wounds in eastern Pennsylvania showed 86 to 94 per cent of all 
infections to be in cicada stings, and obseivations and experiments seemed 
to show that the bast miner also is responsible for much of this class of in¬ 
fection. A later report by Studhalter and Rug^eg (149, 1915) further 
incriminates the bast miner as an important factor in oh^tnut blight in¬ 
fection, on account of the large number of openings which it makes in the 
barfci Craighead (36, 1916) after a critical review of the work of Heald 
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and of Ruggles on insect dissemination of the chestnut bark disease, as¬ 
serts that no direct insect relation has been shown to exist in this disease 
such as is the case in pear blight and ergot. The rdle of insects, he sajre, 
is probably insignificant in the dissemination of this disease, but their 
r61e in the ma k i n g of wounds affording entrance to the fungus is far more 
important. The longhomed beetle (Leptura nitens Forst.), the chestnut 
bast-miner {JEctoedemia phleophaga Busck) and also three species of Sesia 
are mentioned as of importance in providing fresh wounds in living, healthy 
trees for entrance of the fungus causing chestnut bark disease (cf. p. 201), 

With regard to pecan scab caused by the fungus Fimdadium efusum 
Wint., Waite (163, 1911) says: “An interesting feature was found in rela¬ 
tion to the life history of the disease, namely, that a plant louse, which 
becomes common on the pecan in May, punctures the epidermis in a regu¬ 
lar way along the veins and veiolets. The punctures of this plant louse 
are used as points of entrance by Fusidadium.” 

I 

INTERNAL TRANSMISSION OP PARASITIC MICROORGANISMS 

General discussion 

The internal forms of disease transmission, in which the parasitic mi- 
■croOrganisms either (1) go passively through the insect body or (2) persist 
and multiply within the body, present greater difficulties for study and 
demonstration. Furthermore the same organisms that pass through the 
insect’s body are in a large number of instances also carried externally, 
showing that here, ad in all phases of biological science, no hard and fast 
lines can be drawn. Indeed it is not only possible but probable that in 
many diseases where only external carriage has hitherto been proved, later 
researches may demonstrate that one form or the other of internal trans¬ 
mission also takes place. 

The simplest method of internal transmission is that in which the or¬ 
ganisms merely pass through the body of the insect in the ordinary course 
of food materi^. There are two ways in which microfirganisms may leave 
the body under these circumstances. Many insects are provided with a 
crop which serves as a storage sac, and such insects commonly r^urgitate 
a part of the contents in order to moisten their food or sometimes as vomit 
after overfeeding. Ants regvirgitate thdr food in order to feed their young. 
There are also certain insects that exude liquids from other parts of the 
body, as in the aphids where honey dew is excreted from neotax tubes. 
No one so far has demonstrated the liquid excreted from iliese nectar tub^ 

. of aphids to contain microSrganisms taken up by the msect, but it is not 
impossible, and is a question that should be investigated. The ordinary 
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course, however, is for ingested materials to pass through the alimentary 
tract and out at the anus. 

In human and animal diseases there is an abvmdance of evidence that 
disease-producing microorganisms can be taken up by an insect and regur¬ 
gitated in an infective state. The house fly vomit spots have been re¬ 
peatedly proved to contain infective germs even for a considei’able time 
after ingestion. 

Some remarkable facts have come to light in the study of microorganisms 
taken up by roaches, ants and flies. Cao (26,1898; 27-28, 1906), an Ital¬ 
ian investigator, has perhaps gone as far into the problem as any other 
one investigator, although everj* step has been confirmed independently 
by others. Working with larv’ae and adults of Mmca domestica Linn., 
CalKpkora vomitona Linn., Liiciha caesar Linn., and Sarcophaga carnaria 
Linn., he proved that the larvae of these four species of flies when breeding 
in flesh may take up the germs of animal diseases as well as non-pathogenic 
forms; that some of these germs may pass unaltered through the alimentary 
tract; that some of them may remain for a long period in the intestinal 
canal and in a few instances may even multiply therein. Some disease 
germs may be taken up by the larva, persist through its metamorphosis 
and for days thereafter, and may be carried by the adult and deposited 
with its feces on food or dejecta. Th^e bacteria were also isolated from 
the glutinous envelope surrounding the eggs when deposited, thus contami¬ 
nating the substance on which the newly hatched larvae were later to feed. 

Some bacteria have been shown to be capable of sporification as well 
as multiplication within the insect, and certain parasitic microdrganisms 
have been found almost normally presort in the insect body. 

Mechaniccd internal transmission 

In the mechanical internal type of insect transmksion the infective 
principle remains viable after passage through the alimentary tract but 
undergoes no appreciable multiplication or development within the insect 
body. Only a passive relation exists here between insect and microor¬ 
ganism. 

Bacterid diseases. Bacillus pestis Kit., the cause of bubonic plague, has 
been shown by Yersin (173,1894) and Nuttall (99, 1897) to be capable of 
remaining in the intestines of Sub in a virulent condition for at least forty- 
eight hours. Infection is usually brought about, however, through the rat 
flea (Xenopsylla cheopis Roths.), which transmits the disease from rat to 
rat and from rat to man. The bacilli have been found in the intestines in 
some cases for at least three weeks after ingestion, but it has not been 
demonstrated that they necessarily multiply or undergo any transforma- 
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tion within the insect. The bacilli are inoculated directly by the flea bite 
or by scratching portions of the bodies or feces of infected fleas into abra¬ 
sions in the skin. 

Fungous diseases. Among fungous diseases, the spores of at least seven 
parasitic species have been shown capable of passing through the intestinal 
tract in a viable condition. The fact that flies are attracted to the stink- 
horn fungus (Phallus im/pudicus Linn.) has long been known to botanists. 
T. W. Fulton (48, 1889) in his paper on the spore dispersion of PhaUoids 
by insects, even found a reference to the attraction of flies for the spori- 
ferous slime of this fungus in some latin verses by the old botanist, Hadri- 
anus Junius, who died in 1575. He refers (p. 211) to other such reports by 
SchMer (1760), Ventenat (1798), Greville (1826), Berkeley (1857), von 
Schlechtendal (1862), and Cooke (1875). The first notice of a probable 
adaptation to insect distribution was given by R. Standen (141) in 1879, 
and a fuller account (49) the following year by W. R. Gerard. All these 
notices, however, were more in the way of inference than of systematic 
investigation. Fulton attacked the problem from a scientific standpoint 
and demonstrated microscopically that the spores not only cling to the 
appendages of blow flies but pass through the body apparently unharmed. 
Then he sowed the spoiiferous feces of flfles in sterilized soil and obtained 
typical mycelium of the fungus, whereas in the controls none developed. 
He considered it probable that ia the Phalloids we have a group which 
has become modified for dissemination by insects, and especially by those 
iaseots which habitually frequent putrid substances and would therefore 
deposit the spores in the most suitable nidus for their growth. It seemed 
probable to him also that the odor of putrescent matter in general has been 
developed in relation to insect visits, for the advantage to the bacteria is 
obvious. He suggests further that flies may not only disperse the bacteria 
of putrefaction but also those causing diseases such as anthrax. 

IstvdnflGl (63, 1903) speaks of the well known spore distribution of the 
carrion fungi by insects, and refers to one of the stink-hom fungi, which 
is reported as causing a root disease of grapes in Hungary.. 

Cobb (33, 1906; 34, 1909) reported extensive studies of sugar-cane root 
rot caused by the stink-hom fungus, Ithyphdlus coralloides Cobb, and re¬ 
lated fimgi. He proves conclusively that the spores are not only carried 
externally but that passage through the intestines of insects, particularly 
species of Sarcophagid and Muscid fli^, in no way reduces their viability. 
The fresh fructification of Ithyphallus has a peciiliar, penetrating odor that 
attracts insects. FHes, beetles, and ants are shown to be very fond of the 
sticky, dark green spore mass at the apex, anil indeed flies sometimes can 
scarooly be driven away. There seems to be a distinct adaptation bene- 
fitting both insects and fulngus. Ants take the ^ores to their underground 
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habitations, where it is fair to suppose that the spores find conditions of 
moisture and coolness favorable to germination. On the feet of flies spores 
^ould become widely disseminated, but by far the larger portion are swal¬ 
lowed and may be found in their stomachs and intestines after they have 
visited the sporophores. The Ithyphallus is to all intents and purposes a 
subterranean species, coming to the surface only a few hours for the pur¬ 
pose ©f advertising its spore product to the insect world. Ite wide distri¬ 
bution by this means through the fields places it ever in readiness to take 
advantage of vulnerable points of attack in the roots of sugar cane. 

Worthington Smith in 1884 (135, p. 339) and de Bary in 1887 (14, p. 
227-228) noted that the glittering saccharine liquid exuded by ergot (caused 
by Claviceps purpurea Tulasne) is eagerly sought after by flies, and they 
suggest that insects aid in the propagation of this disease. Stager (138, 
1903; 139, 1910) reports a large number of insect species observed by him 
to visit ergot-infected grasses, and demonstrates that ergot spores are car¬ 
ried on their bodies. Mercier (89, 1911), however, fimt proved experi¬ 
mentally that flies (Sciara thomze L.) not only carry.viable ergot spores 
on the body but also in the alimentary tract, and that they deposit these 
viable spores in the feces after visiting ergot on rye grass (LoUum p&renm 
L.). Mercier captured other insects on diseased rye grass and showed 
that Dolerus pratenm L., Sapromyza sp., and SyrphiLS decorm Meig, are 
also' capable of carrying ergot conidia in these two ways, thus completing 
the experimental work begun by StSger and showing tiie exact method of 
transmission. 

According to Wolf (172, 1916^, the spores of Cercospora peramuUa (B. 
and C.) Mlis, cause of peanut leaf spot, are home by the wind and probably 
also by insects such as grasshoppers. Out of a total of 76 individual in¬ 
sects collected in 5 different counties of Alabana, this fungus was found 
externally and in the feces of 54, including 4 different insect orders. Grass¬ 
hoppers, katydids, and roasting-ear worms (BeliotMs obsoleta Fab.) were 
among those giving positive results. The germinating power is not de¬ 
stroyed by passage through the alimentary tiact of grasshoppers, and dam¬ 
age by this disease appears to be corrdated with the prevalence of this 
insect in the fields. Grasshoppers are wide fiieis and so probably distri¬ 
bute the spores for considerable distances. 

Parrott and Fulton (102, 1914) su^ested that the snowy tree cricket 
(OecanGiua niveus De Geer) is chiefly an orchard pest on accoxmt of the 
occurrence of cankers caused by Leptospkaeria coniothyriuM (Fckl.) Sacc. 
around thdr oviposition wounds in the bark of apple trees. Later (1916) 
Gloyer and Fulton (60) in reporting their experimental studies with this dis¬ 
ease, show experimentally that not only do tree crickets bear a wound rela¬ 
tion to this disease, but that they actively carry the spores of the causal 
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fungus in a viable condition both externally and in the digestive tract and 
feces. The spores were carried in this manner from diseased to healthy 
raspberries, and from raspberries to apple trees with resulting infections. 
Typical cankers in apple branches were also obtained by artificial inocula¬ 
tion with feces of spore-fed tree crickets. It is clearly demonstrated that 
these insects carry the spores internally and externally and that they also 
inoculate them into the host. Clinton (32, 1907), in speaking of the wilt 
and fruit rot of raspberry caused by the same fungus, states that in the fruit 
rot phase, infection undoubtedly takes place through the flowers and very 
young fruit. He suggests that the fungous spores are probably carried to 
the blossoms by bees and other insects that have previously crawled over 
stems coated with the spores, but no experimental evidence is given. 

The greenhouse tests of Gravatt and Marshall (63,1917) show that the 
spores of the white pine blister rust fungus (Cronariium ribicola Fischer) 
are carried externally and in the feces of small arthropods and’ gasteropoda 
and that they may remain on the body for at least a week. Germination 
after passage through the insect was in most cases greatly reduced but 
positive results were obtained from the feces of slugs, sow bu^, cockroaches, 
weevils and other small animals. Inoculations with the first and second 
pellets from a weevil gave infection on a western species of Ribes. The 
following year (1918) Gravatt and Posey (54) proved that gypsy moth 
(Porthetria dispar L.) larvae feed on the Peridennium stage of t^ fungus 
and carry thousands of spores on and within their bodies. As Collins 
has shown that these larvae may be blown as far as 20 miles, ilieir poten¬ 
tiality as disseminators is obvious. Thiat these larvae do actually transmit 
the disease to Ribes by the uredospores was experimentally demonstrated. 
Germination after passage through the insect was, however, low. Snell 
(136, 1919) foimd Cronartium spores on 40 different species of insects col¬ 
lected on or near white pine cankers, and quite regularly on caterpillars, 
stink bugs, leafhoppers, rosebugs, etc., taken on infected Ribes. The 
disease was experimentally induced on Ribes bushes by caging with meas¬ 
uring worms (Geometridae), rose beetles, larvae of a sawfly, a large spiny 
caterpillar, large ants, and stink bugs, showing that practically all insects 
that visit diseased and healthy plants may become carriers. The part 
played by insects confined to the pine host he says, is very limited, but 
their rdle in the spread of the uredo stage from bush to bu^ (Ribes) may 
be, and probably is, an important one. 

According to the field observations of Martin (86,1918) the early blight 
on tomatoes, caused by Altemaria sohni (E. &■ M.) Jones and Grout, is 
distributed by flea beeties {Epitrix mame/ris Harris), as suggested by the 
fact that beetle punctures are in the centers of early bli^t spots. Ex¬ 
amination of larvae and adults of the Colorado potato beetle {Leptinotdirsa 
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decemlineata Say) and the tomato worm {Protoparce Carolina L.) revealed 
spores of Alternaria solani and of the leaf blight fungus, S&ptoria lyco- 
persj'ci Speg. on their bodies. Excreta from these and other insects showed 
the presence of these spores also, and in many cases they were seen to be 
germinating. It was concluded by Martin that insects are important in 
the dissemination of these two diseases, but no direct transmission experi¬ 
ments are recorded. 

Biological internal transmission 

In the biological type of transmission the infective principle finds within 
the insect body conditions favorable to its development and multiplication. 
In this w'ay the duration of the period of infectivity becomes greatly length¬ 
ened, and likewise the difficulties of observation and demonstration are 
much increased. Many of the protozoan and so-called filterable virus 
diseases and a few bacterial and fungous diseases have been shown capable 
of this prolonged existence and multiplication within the insect. It is 
relative to this type of insect transmission in both plant and animal diseases 
that some of the most careful and extended investigations have been car¬ 
ried out. 

Baderial diseases. Bacillus typhosus Zopf B. pedis Kit., and Aplanohao 
ier anthrads (Cohn) Erw. Sm. are sometimes capable of prolonged exis¬ 
tence in the intestines of insects, and in some cases at least, B. typhosus 
appears to be capable of multiplication also. Faichnie (40-41,1909) proved 
that flies could carry the typhoid bacillus in the intestines for sixteen days. 
Ledingham (76, 1911} found that the usual intestinal flora of house flies 
{Musca domestioa Linn.) generally prevented successful survival of the 
bacillus through metamorphosis, but in some cases he was able to isolate 
the oiganism from the intestines of adult house flies which had been fed on 
infected material during the larval stage. (It seems evident in the case of 
these occasional typhoid carriers,” where infection is borne over long 
periods of time, that an intimate relation must exist allowing multiplication 
of the bacteria within the insect body.) 

Among bacterial diseases of plants an insect relationship somewhat 
similar to the above given examples is found in bacterial wiU of cucurbits 
caused by Bacillus tracheiphilvs 'Erw. Sm. It was stated by Erwin F. 
Smith (122-123) in 1893 that the spread of this disease is associated with 
the puncture or eating of the plants by insects, and in 1895 (124) (cf. also 
129, V. 1, p. 92, 1905) he experimentally carried over the infection to 
healthy plants with bacillus-beaprinkied striped cucumber beetles {Dior 
brofica vUkUa Fabr.) and squash bugs (A.7ta8a trisUs de Geer). Ih 
1897 (127, p. 123) he asserted that in all probability the spread of this 
disease is almost wholly if not excluffively by insects. In his later (129, 
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V. 2, p. 209-298, 1911) exhaustive treatise on this disease it is repeatedly 
demonstrated that the striped and the 12-spotted cucumber beetles {Dia- 
hrotica vittata, and D, duodeampunctaia Oliv.) cany and inoculate the ba¬ 
cillus into the hosts. Experiments with squash bugs {Anasa tristis) fed 
on wilting plants under natural conditions gave negative or doubtful re¬ 
sults He suggests from circumstantial evidence that possibly cucumber 
beetles are not only agents of summer dissemination but also of winter 
transmission. Field cage experiments by Rand (106, 1915) in a locality 
free from wild cucmbits gave no infection from soil, or by flea beetles (JSpi- 
tnx ciicumeris Harr.) and aphids (Aphis gossypii Glov.); but gave positive 
and widespread infection by striped cucumber beetles in the experimental 
fields at large, but in cages only where these insects had been introduced. 
After cagmg with the first striped beetles to appear in spring healthy young 
cucumber plants gave wilt infection, starting from their gnawings. These 
beetles had been collected some tune before volt appeared in this locality. 
Later experiments by Rand and Enlows (107,1916) abundantly confirmed 
the previous exhaustive studies of Smith in incrimmatmg striped and 12- 
spotted cucumber beetles as direct summer carriers. All tests with aphids, 
flea beetles, squash lady-birds (EpUachna borecdis Fabr.), and with seed 
or stomata! infection gave negative results. In these and later studies 
(108, 1920) a direct mathematical relation was shown to exist between 
prevalence of striped beetles and the spread of the wilt disease. It was 
also shown that insects and nematodes do not carry infection from soil to 
host plant, and that root infections do not occur under field conditions. 
Complete locality records proved that the first spring cases ^tart on occa¬ 
sional plants from gnawings of cucumber beetles which in these cases 
must have recently emerged from hibernation. All subsequent cases de¬ 
veloped from similar injuries, and the disease tended to spread in ever 
widening circles around the initial cases. It was furthermore proved that 
the striped beetles are sometimes capable of infecting at least 3 to 4 healthy 
plants successively fed upon after one initial wilt feeding, and that after 
one such feeding they may, in the active state, retain their infecting power 
for at least twenty-three days. Occasionally wilt-fed beetles retained their 
infective power after five or six weeks in cold storage, ie., as long as they 
were able to keep them alive. Dissection and inoculation experiments 
from intestinal contents proved that a small percentage of both striped 
and 12-spottod beetles may harbor the bacUlus in the alimentary tract. 
In a series of isolations of bacteria from the striped beetle the intestinal 
flora of one only out of the 10 individuals tested was found favorable to 
the wilt organism. In the other 9, BaaUus tracheiphikis was not present. 
Greenhouse inoculations of 10 plants from the viscera of these 10 beetles 
also gave 1 case of wilt. Recent studies by Rand and Cash (109,1920) 
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lia%e confirmed these results Furthermore, they also experimentally 
pro\cd that infections tahe place directly from beetle droppings^brought 
into contact Tsith freshly pierced leaf siufaces. In these cases oral con¬ 
tamination \vas prevented. In their experiments also inoculations of in¬ 
testinal contents have given wilt from the first beetles to appear in the 
spring, and fifteen to eighteen days before field cases had appeared in the 
^dcinity. Also Bacillus tracheiphilus has been isolated from the viscera 
of a certain percentage of wilt-fed beetles and later successfully tested on 
cucumber plants. From these facts it appears legitimate to conclude that 
this bacillus is capable of continued ]ife and multiplication within the ali- 
mentarj' canal of a certain small portion of wult-fed beetles which may be 
designated as “wilt carriers.” There is also strong circumstantial evi¬ 
dence that the organism survives the wmter in this manner. 

Eelative to the ohve-knot organism (Ba£tenuin samstanoi Erw. Sm.), 
Erwin Smith stated in IfiOS (130, p. 42) that old tubercles are eaten by 
various insects, and he considered it possible that some insect carrier may 
play a part in the distribution of the disease. The following year Petri 
(104, 1^9) reported his exhaustive studies on this phase of the problem 
and showed that a defimte symbiotic relation exists between Boderium scoh 
adanoi and the olive fly, Daciis oleae Rossi. He found bacteria constantly 
bcalized in the fourth gastric pouch of the larval midgut. The presence 
of these bacteria was demonstrated from the moment when the larvae 
emerged from the egg up to a point immediately preceding the pupal stage. 
The position of the bacteria in this blind sac was such that during meta 
morphosis tijey wjere not expelled as a whole, but as they increased enor¬ 
mously in numbers some of them were from time to time passed out 
of the anus in the ordinary course of ingested food. Neither bacteria nor 
other microorganisms were found in the salivary glands or the malpighian 
tubules of the larvae. Immediately preceding the pupal stage, the gas¬ 
tric pouch and all the rest of the digestive tract were almost completely 
emptied. A few bacteria, however, still remained near the lower aper¬ 
ture of the cardiac valve and they became passively transported into the 
eaiipIu^piB, where, betw^n the folds of the cuticle, they remained local¬ 
ized throughout almost the whole period of development. With the fuU 
development of the adult fly the course of the bacteria was lost for a short 
period of time, varying according to the season of the year. However, 
the bacteria appeared irregularly a little later in a glandular sac above the 
pharynx. Petri did not succeed in cultivating Bactetium savastanoi from 
the pharynglal sack, but yet was able to produce the tubercles in olive by 
inoculating its contents. After the emerg@ace of the adult these bacteria 
suddenly developed at the expense of the abundant secretions of 
the epithelial cells lining thb gland, and from this point they rapidy dif- 
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fused into the midgut where they were later found in ovoidal groups. In 
the female the bacteria were also localized in numerous small glands near 
the anal opening which is situated on the ventral side of the ovipositor. 
The development of the bacteria appears to be independent of the amount 
of food taken in by the insect, but to bear a direct relation to its functional 
activity. Thus, in the female emerging in winter not only are the eggs 
very slow in forming but the bacteiia in the pharjmgeal gland are also slow 
in development. The transmission of the bacteria from the female to the 
egg occurs through the ejection of a small quantity of bacteria from the 
anus at the same time that the egg is deposited in the olive branch. Thus 
are these microorganisms distributed over the surface of the egg at the 
moment when it passes through the cloacal canal of the ovipositor. Dur¬ 
ing the development of the embryo within the egg the bacteria multiply 
actively around the micropile in the gelatinous envelope, and later pene¬ 
trate the egg by passing through the chorion and through the numerous 
air canals surrounding the micropile. The bacterial content of the blind 
gastric pouch of the larva is not a pure culture of one species of bacteria 
alone. However, Bacterium savastami is present on the egg and in the 
micropile, in the gastric pouch of the larva, in the midgut, and in ihe 
pharyngeal glands of the adult, and in the anal glands of the female. 
These facts were shown by direct inoculations into olive branches followed 
by development of typical olive-knot tubercles and isolation of the causal 
organism from them. In a few cases Petri also succeeded in isolating tiie 
olive-tubercle organism directly from the gastric pouch of the larva and 
from parts of the digestive tract of the adult, but it occurs here sparingly 
in comparison with saprophytes. The bacteria subsist on the glandidar 
secretions of this insect and on the death of the host all further develop¬ 
ment of the bacteria ceases. Petri concludes that Bact&rium savastanoi, 
cause of ohve-knot, is the normal symbiont in the digestive tract of Dacus 
oleae, and that the yellow organism (Ascobacterium luteum) often associ¬ 
ated with it in great abundance, is a follower. Horne, Parker, and Daines, 
(60-61,1912), working in California, found no biting or piercing insect con¬ 
cerned in the dissemination of the organism there, and concluded that 
the distribution is adequately accounted for by the spattering of rain 
and the accidental tracking of birds, insects, etc. 

Tonelli (155,1913) working with a hacteriom of oleander, concludes that 
the scale insects, Aspidiotus liederae Vail. (A. neniBouch4).andLecanium 
sp., and the mite, Tetranychus telarim Linn,, with certainty carry infection 
on their mouth parts and directly inoculate it into this host. He also con¬ 
siders it probable that a species of Diptera frequenting the flowers may 
carry infection to the stigmas. Both Smith and Petri agree, however, that 
Bacterium savastanoi when inoculated into the oleander does not produce 
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tumors, and therefore cannot be the cause of the oleander tubercle as is 
claimed by Tonelli 

Johnston (67, 1912) states that the field evidence all points in the di¬ 
rection of insects as instrumental in disseminating coconut hud-rot caused 
by Bacillus coli. He isolated the bacillus from the intestines of earwigs 
and from the droppings of turkey buzzards; and considers it probable from 
his studies that insects are carriers of infection. (Forms of HoaZZits coh 
have from time to time been isolated from the alimentary tracts of insects 
as apparently normal intestinal inhabitants. The insect relation to this 
disease presents an intftresting problem.) 

Fungous d'lseases. Berlese (15, 1897) has shown how some insects, par¬ 
ticularly ants and flies, contribute to the diffusion, preservation and mul¬ 
tiplication of certain yeasts and molds. He demonstrated that ants may 
carry yeasts and molds up from infected soil and successfully inoculate 
grapes on the vines above. Flies fed upon yeasts gave these yeasts again 
in cultures from the feces, while flies fed upon MUed yeast cultures yielded 
negative results. Berlese also demonstrated that yeasts multiply within 
the bodies of flies, and he found the sugary solution in the crop an ideal 
situation for their development. As a result of these studies he considered 
that during the cold season some yeasts are chiefly preserved and perhaps 
increased within the bodies of insects, 

Schndider-Orelli, in 1913 (116), found a symbiotic relation eviatlrtg be¬ 
tween the beetle, Xyleborus pyri Peck, (formerly X. dispar Fab.), and the 
fungus, Mmilia Candida Hartig. He demonstrated by cultural methods 
that the female beetle always carries in the crop a store of living fungous 
cells which are not used up in her metabolism. Evwi when kept without 
food for two and a half months the living fungus was still found to be pres¬ 
ent in the crop. Shortly after the boring by the female into the wood 
of orchard trees the parage becomes covered with a fleecy white growth 
of the fui^ius which develops inward witii the eistension of the passage. 
Under normal conditions this nutrient fungus is present in practically pure 
culture, but with the growth of the larvae in the passage the fungous layer 
disappears and at Ihe time of hatching only the black walls of the 
passage are left. Schneider-OreUi concludes from his eiqieriments that the 
fun^ itself is not an important factor in injuring the tree, as artificial 
borings alone resulted in the death of young trees in the sflTnQ Tinfl.T>npr as 
from the insect borings. Inoculations with the fungus alone caused little or 
no browning of the adjacent wood in healthy, growing trees. 

ProU^oan diseases. The relation of the various forms of human mpltyria 
to Ai^heles mosqpaitoes is too well known to need discussion. Many 
other instances of biological transmisaon of protozoan diseases of man and 
anirnalsbyinaectsareonrecord. Such, for example, are the trypanosome 
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diseases transmitted by the tsetse fly in Africa, viz., the sleepvug sickness 
of man, caused by Trypanosoma gambiense Dutton, and nagana of rumi¬ 
nants, caused by T. hrucii Plimm. & Bradf. 

Spiroschaudinnia duttoni Novy & Knapp, the cause of African rdapsing 
fever, is taken up by the horse tick {Ormthodorus mouhaia Murray), which 
lives in the mud floors of huts or in the soil where caravans habitually 
camp. The spirochaetes have been demonstrated in the ovaries and eggs 
of female ticks and have been experimentally carried to the third genera¬ 
tion, showing a true hereditary .transmission. Purthermore, it is said that 
the bite of individual ticks may still be infective one and a half years after 
an initial feeding on an infected host. 

There is at least one instance of a protozoan plant disease in which the 
parasitic organism passes one phase of its life history in an insect. It was 
demonstrated by Lafont (74,1910) that Leptomonas damd% Lafont causes a 
‘‘fiagellosis” in the latex of several species of Euphorbia. This disease is 
transmitted by the bug, Nysius euphorhiae Horvath., which is the permar- 
nent alternate host. The genus Leptomonas is composed of protozoa 
which are almost exclusively insect in theu* origin, although some of them 
have been shown to be pathogenic to vertebrates. 

Filterable contagium diseases} Among both plants and animals the so- 
, called filterable virus diseases are of faMy common occurrence. Some of 
the diseases formerly classed as “filterable virus” diseases have since been 
demonstrated to be due to parasitic microorganisms. In all this class of 
infections the method of contraction and the sequence of signs or symptoms 
give a “ clinical picture,” so to speak, of a parasitic disease. The only dif¬ 
ference is that in the “filterable virus” diseases the causal contagium has 
thus far eluded our microscopical and cultural methods. 

Among animal diseases of this type yellow fever is a well known example. 
This dread scourge of the tropics is home by mosquitoes, and the ultimate 
contagium will pass through the pores of a Berkefeld filter. The contag¬ 
ium of yellow fever circulates in the blood stream of a patient for at least 
three days after the initial chill. To become infected a female Aedes 
mosquito (Aedes calopus Meig.) must bite a fever patient during this first 
three days, whereupon a latent period of twelve days must then elapse 
before the infected mosquito can transmit the disease. Injection of blood 
from a fever patient during the first Ihree days will induce the disease in a 
non-immune person; otherwise the only known method of transmission is 
through the bite of this mosquito. (Noguchi, through a careful and ex- 

1 The term ‘ ‘contagium” has been suggested by Dr. H. M. Quanjer as synonymous 
with any infective principle, whether of known or unknown origin. Its use in the 
place of “vuus” with reference to the so-called “filterable virus” disease does away 
with objectionable connotations, and leaves nothing to be taken back. 
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tended investigation, has recently shown yellow fever to be due to Lepto^ 
spfm icteroides ISloguchi, This serves only to emphasize the statements 
made in the preceding paragraph.) 

In the plant kingdom those diseases classed as “infectious mosaics and 
chloroses” easily fall under the heading of filterable contagia. The first 
of this type of plant diseases demonstrated to be transmitted by insects is 
curly leaf” or curly-top” of sugar beets. On circumstantial evidence E. 
D. Ball in 1906 (8) connected this disease with the beet leafhopper {Eu- 
tettix teu^lla Baker) as a cause. He states that the injury does not appear 
to be due to the amount of sap removed, but that the punctures of this 
insect seem to cause a thickening of the leaf veins and an unhealthy condi¬ 
tion of the plant. He refers also to other species of this group of leafhop- 
pera as causing somewhat similar disturbances in other plants, particu¬ 
larly in the common pigweed. In 1909 (9) he went over the results of his 
earlier work somewhat more in detail, stating that the greatest abundance 
of curly-Ieaf followed the greatest prevalence of beet leafhoppers, and that 
the signs of disease induced by this leafhopper are specific. In sugar 
beets the abnormal condition apparently spreads until the whole plant 
becomes involved, even though the leafhoppers have long since disappeared. 
The disease was found also to persist the foUowmg year m the root. Spisar 
(137,1910) refers to the work of Ball but gives no new evidence. Shaw. 
(121, July, 1910) gives the first definite experimental proof that curly- 
top is directly transmitted by the beet leafhopper. In 1908, at Town¬ 
send’s suggestion, Shaw sent beet leafhoppers to Washmgton, D. C. where 
cage experiments demonstrated the disease to be transmitted by this insect. 
These cage experiments were repeated and amplified many times by Shaw 
in the field, and always with the result that ^e disease was transmitted 
by beet leafhoppers but not by aphids, thrips, or red spiders. The nymphs 
appeared more virulent than the adult leafhoppers. Curly-top beets were 
never found to recover but seed from such beets gave healthy progeny. 
It was not found possible to communicate the disease from an affected to 
a healthy plant except through the intermediary of a leafhopper. No 
outbreaks of curly-top are known outside of the native habitat of Ev- 
ietlix ienella, and no other insect or species of leafhopper is known to in¬ 
duce this disease. Shaw says that an active, persistent agent is introduced 
by this insect, which sets up disturbances through the whole plant. R, 
E. Smith and Bonequet (132-133, 1915) repeated and confirmed the work 
of Ball and of Shaw. They further showed that one leafhopper confined 
upon one leaf of a sugar beet plant for five minutes was suflicient to induce 
the disease. They also carried over the disease by grafting a portion of a 
Gurly-top root into a healthy root. Townsend (156) in 1915 asserted that 
so far as deienoined, Eviettw teneUa is the only carrier of curly-top, but 
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that there are instances where leafhopper infestation does not produce 
the disease even though external conditions seem favorable. He then asks 
this question, ''Are the beets sometimes resistant or is Butetttx tenella 
sometimes free from the exciting agent?” R. E. Smith and Boncquet 
(133, p. 340, 1915) conclude from their experiments that no more than 
three hours feeding is necessary for the leafhopper to obtain the patho¬ 
genic factor, but that at least 24 and not more than 48 hours must elapse 
after feeding before the insect can induce the disease. These facts sug¬ 
gested to these investigators that eurly-top is not carried mechanically 
but that some development takes place within the body of the msect dur¬ 
ing the first few hours after feeding on a diseased plant. At the same time 
Boncquet and Hartung (16, 1915) report convincing experiments with 
Eutettix tenella obtained from wild plants (species of Artemisia and Atri- 
plex) in the Tulare Lake region of California. These leafhoppers, when 
caged with healthy sugar beet plants, did not induce curly-top, while in 
control plants caged with local leafhoppms from diseased beets the disease 
was readily induced. After three weeks 60 of these “wild” leafhoppers 
were caged with curly-top beets and subsequently transferred to 60 healthy 
plants. Out of these 60 plants 50 developed typical curly-top while the 
remaining 10 were doubtful eases. This clearly demonstrates that the 
leafhopper is not in itself infective, but only after feeding on diseased 
plants. Ball, in 1917 (10) reported in detail upon his own work and that 
of other inveat^ators relative to curly-top and its transmission. Boncquet 
and Stahl in 1917 (17) showed by experiment that beet leafhoppers previ¬ 
ously fed upon curly-top beets could transmit the disease to mallow {Malm 
parviflora Linn.). Stahl and Carsner (140) in 1918 obtained nymphs non- 
viruient as to curly-top by collecting them as they emerged from the egg 
and before feeding. However, after feeding on curly-top beets these same 
nymphs wei’e able to transmit the disease. Finally Carsner (30), in 1919 
has demonstrated by careful and detailed experiments that a number of 
wild plants are susceptible to the curly-top dkease, that virulent leafhop¬ 
pers retain their ability to infect for a long period after removal from sus¬ 
ceptible plants (e g., 58, and 111 days), and that at least some of the leaf¬ 
hoppers are infective when they enter the beet fields in spring. He asserts 
that there is substantial evidence that the adult leafhoppers which leave 
the beets in the fall are not those which appear on beets m the spring, but 
individuals of a new brood developed on wild vegetation. From these 
facts he considera there is no question as to leafhoppers retaining their 
virulence long enough in the fall to infect susceptible wild annuals, such as 
filaree {Erodium cicutanum (L.) L’Her.), which in California appears soon 
after the first fall rains. Some of the leafhoppers developing on these 
infected wild hosts undoubtedly secure from them the contagium to infect 
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young beet plants in the spiing. “Thus, it seems highly probable, the 
over^inteiing of the virus is accomplished.” 

The connection of insects with mosaic of tobacco has been carefully 
T;\orked out by Allard. He first noted (1,1912) that under controlled con¬ 
ditions in the course of greenhouse experiments with this disease, healthy 
plants were always obtamed when grown in screened cages frequently 
fumigated to prevent aphid infestation. On the other hand, when colonies 
of aphids present in the greenhouse were introduced into cages with healthy 
plants the result was a wholesale occurrence of mosaic. In 1914 (2) he 
reports the spread of tobacco mosaic in seed beds and fields, which was 
unquestionably associated with aphid infestation (Macrosiphum tabaci 
Perg.). By direct experiment (4,1917) he then showed that the peach or 
spinach aphis {Mymis persicae Sulz.) may actively transmit the infective 
principle but not until after the insect has fed upon diseased plants. Tests 
with a large green aphis (Macrosiphum lactucae Halt.) from lettuce gave 
n^ative results although they readily fed and multiplied upon diseased 
and healthy tobacco plants. Similarly pelargonium plant lice (Macro- 
stphum pelargomi Kalt.) failed to carry the infective principle from dis¬ 
eased to healthy plants. This species, however, would not feed upon to¬ 
bacco and hence could not be maintained for long und^ the experimental 
conditions. Preliminary tests with white fly (Aleyrodes vapm'arium 
Westw.) and with red spider (Tetranychus ielanus linn.) gave negative re¬ 
sults. Allard finally observes that Preissecker in 1903 and 1905 had noted 
the association of tobacco mosaic witih attacks of plant lice, but that it 
does not appear from his writings that he looked upon these insects as 
actual carriers of the infective principle of the disease. 

Allard (1,1914; 5,1918) considers it very probable from his observations 
and experiments on mosaic of pokeweed (Phytolacca decandra Linn.) that 
this disease is also insect transmitted. 

Again, (3,1916) from circumstantial evidence together with his experi¬ 
mental proofs in the case of mosaic in tobacco, Allard considers it probable 
that tomato Tnosaic is also transmitted by aphids. 

Taubenhaus (158, 1914) reports exp^iments with mosaic of sweet pea 
in which aphids collected both from diseased plants and from the field at 
large gave mosaic to healthy plants. Sweet pea plants inoculated by 
needle prick from diseased plants developed mosaic while those inoculated 
from healthy plants remained healthy. 

By careful experiments Doolittle (37), and Jagger (64), working inde¬ 
pendently (1916), showed that aphids (Aphis gossypii Glover, used by 
Doolittle) collected from plants with cucuTri>er mosaic transmit the disease 
to heathy plants, but that aphids fed upon healthy plants do not carry 
infection. Transmission by striped cucumber beetles was later (1918) 
demonstrated by Doolittle and Gilbert (37a). 
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Loren B. Smith (131, Feb., 1918) reported on experimental evidence that 
spinach blight is a specific communicable disease which is transmitted to 
healthy plants by insects. Shortly afterward McGlintock and L. B. Smith 
(80, July, 1918) together published a detailed account of their extensive 
studies of this spinach disease. Healthy plants were successfully inocu¬ 
lated by needle pricks with the contagium from diseased plants and with 
the crushed juice of aphids fed upon diseased plants. The potato aphid 
{Macrosiphum solanifoUi Ashmead) and the spinach aphid {Rhopcdosiphum 
persicae Sulzer), free from infection at first, were demonstrated to transfer 
the blight to healthy spinach after feeding upon diseased plants. Control 
plants invariably remained healthy. Later these two species w^e ob¬ 
tained from 4 different states where spinach blight did not occur and they 
failed to induce the disease on heaWiy plants until after they had fed on 
blighted spinach. The same two species collected locally and tested at 
the same tune produced the disease. It was experimentally shown that 
a small percentage of the offspring of aphids fed upon blighted plants, 
though bom and reared on non-susceptible species of plants, may prove 
infectious to spinach. The juices of these non-susceptible plants invariar 
bly gave negative results upon inoculation into spinach. It is evident 
that the infective principle is capable of transmission from parent to off¬ 
spring. Even after molting a ‘‘virus-bearing” aphid remains mfeetive, 
showing that the coiftagium is carried internally. Furthermore, successful 
inoculations were obtained from 4 generations representing 3 strains and 
2 species of aphids, after one feeding of the parents on diseased spinach. 
However, the incubation period of the disease is longer with the later gen¬ 
erations. It was also demonstrated that not all individual aphids fed 
upon diseased spinach are “virus carriers.” It was further proved that 
aphids {Macrosiphum solanifoUi), after feeding on wild mustard, a non-su»- 
ceptible plant, were still infective although neither they, nor their parents 
for a long time, had fed on spinach. Inoculations with the juice of mus¬ 
tard plants gave a negative result. These investigators demonstrated that 
the contagium may be carried from spring to fall by a direct line of aphids, 
and that non-virus bearing aphids must remain on diseased plants 5 min¬ 
utes to 14 houra to become carriers. The bean aphid {Aphis rumids linn.) 
and tarnished plant bug {Lygus pralensis linn.) gave infections after feed¬ 
ing on blighted spinach. Negative results were obtained, however, with 
the adult of the southern com rootworm {Diabrotica duodedmpundata 
Olivier), the green plant bug {Nezara hUaris Say.), Thrips tabad Lind., 
SmyrUhurus hortensis Fitch, and 8. quadrimaculatus Ryder. McGlintock 
and Smith compare their findings with the results of animal disease inves¬ 
tigations, and conclude that spinach blight, together with the “filterable 
virus” diseases in general, are due to ultra-microscopic organisms. 



220 


Phytopathology 


[VoL. 10 


In greenhouse experiments it has recently been shown by Schultz et al 
(117, 1919) that potato mosaic may be transmitted to healthy plants by 
aphids after feeding on plants aftected by the disease. Untreated plants 
and those treated with non-vuulent aphids remained healthy. It should 
be added that all three groups of plants came fiom the same tubers, thus 
precluding the possibility of “seed” transmission in the positive cases re¬ 
corded. 

Ball has recently (11,1919) reported a series of observations and experi¬ 
ments upon a potato disease which may be tentatively mcluded here. 
He has clearly demonstrated its dependence upon the potato leafhopper 
CEmpoasca mah LeB.), and given the name “hopperbum” to the disease. 
This species of leafhopper, and this species alone, is shown to cause similar 
signs on several hosts, while the effects of other leafhopper species on these 
same hosts is entirely different. Whether or not hopperbum will prove to 
be a specific transmissible disease like curly-top of beets remains to be 
demonstrated, but in any case its relation to the potato leafhopper appears 
to be a specific one. In a later report of the same year (12, 1919) Ball 
reports the recovery of a caged potato plant after the removal of the leaf- 
hoppers, while during the same time the disease continued to spread in 
the field at large. Furthermore, this disease does not appear to spread 
from one part of the plant to another as in the case of cmiy-leaf of beets, 
and it must therefore be quite different in nature. ' 

CONCLUSION 

The literature on plant diseases trananitted by insects is thus seen to be 
fairly esxtensive, and the importance of insects as diaAftTniTiftting agents 
becomes from year to year more apparent. In fact, the investigations of 
the past three decades have completdy revolutionized our view of the 
r61e of insect transmission in both plant and animal diseases. However, 
in many ca^ authentic information is still lacking an to the exact methods 
of inoculation and transmmon, and in some instances too much is left to 
inferesnce and circumstantial evidence; but enough really good work has 
been done to show an exact correlation between the findi'ngrp of plant an d 
animal pathology. Furthermore, it is not to be doubted that future work 
will fill up many of the existing gaps in our knowledge and will add greatly 
to the list of insect borne diseases. 

In many problems of insect transmission unquestionably the best re¬ 
sults will follow a collaboration between pathologist and entomologist. In 
order to follow such problems to a scientific and logical conclusion a great • 
amount of exceeding detailed work is necessary, not only with the host 
plant and its parasitic microfiiganism, but with the diaHfiTninft.tiTig agent 
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as well. It is necessary to know the habits and the anatomy of the in¬ 
sects concerned. Fmthermore’it is often imperative to breed munfected 
msects to act as agents of transmission and as controls on an experiment. 
A pathologist can hardly expect to know all the technique of bleeding in¬ 
sects any more than an entomologist can expect to know the technique of 
cultm’uig microoiganisms. 

In any case of suspected insect ti*ansmission the JBrst step is to deteimme 
whether the contagium is earned on the insect’s body. In some diseases 
this may be determined microscopically. In other instances, such as the 
bacterial dkeases, it may be necessary to culture the organism. This may 
be done by washing the body, or separate parts of the body, m a sterde fluid 
medium and subsequently plating out the organism. In aR cases where 
possible this should eventually be done in order to determine how long the 
parasite retains its virulence on the body of the insect. 

A second series of experiments should determine whether the parasite 
retains its virulence after passage through the alimentary tract of the m- 
seet. Attempts shoidd be made to culture the organism from the intesti¬ 
nal contents and from the feces; and in many cases the host may be in¬ 
oculated directly from these sources. 

In the case of many plant-feeding insects there is a progressive move¬ 
ment over the host, and if the insect is in the habit of defecalang at the 
time of feeding it is likely that the feces will be dropped sooner or later 
directly on an abrasion which the insect itself has made. Experiments 
should be devised to determine whether the dropping of contaminated 
feces on a fresh injury will induce the disease in the host. It is, of course, 
imperative to preclude the possibility of contamination from tiie mouth 
parts or other sources. In some cases insects known to be non-infective 
may be first used to injure the host. Furthermore, in some diseases sen¬ 
sitive parts of the host may become infected without the intervention of 
injuries of any sort. 

Other internal organs of the insect, such as the salivary glands or the 
crop must sometimes be tested for the presence of the parasite. In many 
cases this wiU involve the devising of special dissecting and culturing 
methods. In all cases, so far as possible, both 5 ultures and direct inocu¬ 
lations should also be made with the contents of each organ studied. 

It is important, to determine whether the parasite can be transmitted 
directly by the bite of the insect, and in the case of positive results to find 
whether the contamination is merely from the external mouth parts or 
from the salivary glands or portions of the ainnentary tract. Internal 
oral contamination may sometimes be determined by sterilizing the ex¬ 
ternal portions of the body and mouth parts and aUowing the insect to feed 
upon the host witiiout defecation. In other oases cultural or microscopical 
methods must be used. 
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Among the points to be studied, then, are the following: It is necessary 
to determine on or in what part or parts of the body thecontagiumis car¬ 
ried ; whether the transmission is mechanical or biological; how soon after 
taking up an infective principle transmission is possible; how long the in¬ 
sect remains infective; whether an infected larva may retain the contagium 
through its metamorphosis; whether the contagium can be transmitted to 
the offspring, and if so, for how many generations; whether the offspring 
can transmit the disease at any stage of its development; whether an in¬ 
fected insect remains infective after a period of feeding on non-eusceptible 
hosts; and whether the contagium winters over in the insect. The mere 
fact, however, that the contagium of a disease is found in or on the body 
of an insect should in no case be taken as final proof of an insect relation to 
transmission. In many diseases an inoculating needle, a piece of wood, or 
anything which happens to come into contact with the diseased tissues will 
carry upon it some of the contagium. The final criterion, then, should he 
the actual transmission of the disease under coniroUed conditions simulating 
as nearly as possible those found in rujJtwre. 

The task of working out all these varied ramifications of the problem 
in the case of any specific insect transmitted disease will require a good 
technique and the utmost care and patience on the part of the pathologist. 
Much may he learned from animal pai^ologists and a direct collaboration 
with entomologists will often eliminate pitfalls and facilitate the attain¬ 
ment of the ultimate goal. 

LABOBA.TORT OP PLANT PATHOLOGY, 

BUREAU OP PLANT INDUSTRY, 

WASHINGTON, D. C. 
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THE PHYLLOSTIGTA BLIGHT OF SNAPDRAGON^ 


Edwina M. Smilbt 
With Eight Piatmns m the Text 

While examining benches of snapdragon in greenhouses at Batavia and 
Corfu, New York, in the spring of 1917, certain plants were found to be 
infected with a disease the symptoms of which closely resembled those of 
the anthracnose. On further study, these symptoms proved to be those 
of the Phyllosticta blight. The same disease was observed in gardens at 
Ithaca, New York, during the summer of 1917, and again in 1918, on both 
garden and greenhouse plants. An far as is known the commonly culti¬ 
vated species of the snapdragon, AnUrrhinum majus L., which has been 
known to gardeners for centuries, is the only host affected by this disease. 
All of the thirty or more varieties of the species which have come under 
the observation of the writer showed susceptibility to the blight, but no 
detailed study has hem made of their relative susceptibility. It was ob¬ 
served, however, during the summers of 1917 and 1918, that the leaves of 
the red-stemmed varieties such as the Giant Garnet are severely affected, 
while those of the green-stemmed varieties like the Yellow (intermediate) 
and Silver Pink are attacked slightly or not at all. The reverse is true of 
the stems; lesions on the green stems are larger and more numerous t.hR.Ti 
those on the red st«ns. These obseiwations were made on plants which 
were growing in the same garden under the same conditions. 

Si m i lar observations were made in the case of .artihcially inoculated 
greenhouse plants. Infections on stems of the Giant Garnet, for example, 

* Also presented to the Faculty of the Graduate School of Cornell University, 
May, 1919, as a major thesis in partial fulfillment of the requirements for the degree 
of blaster of Arts. 

After the completion of this manuscript and its presentation for publication, a 
paper on the same subject by E, F. Guba and P. 3. Anderson appeared in Phytopath- 
olo^ for August, 1919. Since this work was done quite independently, the writer 
having no knowledge of the others’ work, and the two sets of results being for the 
most part in agreement, it seemed best to publish this paper without change in the 
original manuscript. 

Aclmowledgement. ^ The writer wishes to egress her indebtedness for the helpful 
criticisms and suggestions givmi by Professors H. H. Whetsel and the late V. B. 
Stewart, under whMe direction the work was conducted, and for the painstaking 
care of Mr. W. R. Fisher in the making of the photographs. 
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aie secured with diJEculty while on stems of the Silvei Pmk Yellow, etc , 
they aic easily obtained The gieen lea\es of the latter forms aie moie 
difficult to infect than the red leaves of the fiist named 

THE DISEASE 

The Phyllosticta blight was fiist desciibed bj Svdow’ in 1899 as a spot 
occuiimg on the leases usually at tips oi maigms of A-ntiii hinion 7najus 



Tiu 1 Snvpdrvgon Lewes Atfectbd with Phileosticta Blight 
Vaiious t'vpes of lesions and their zonate character are shown 

m Steghtz Germany In America it was first lecoided m 1900 by Stew¬ 
art,® who gave it the names ‘ stem rot and branch bhght,” piefeirmg 
the latter as moie descriptive Stewart howe'vei, desciibes only the 

s Sjdow P Beitrage zur Kenntniss der Pilzflora der Mark Brandenburg II 
Hedwagia 38 Beiblatt (134) 1899 

* Stewai t, r C An anthracnose and stem rot of the cultivated snapdragon New 
York (Geneva) Agr Exp Sta Bui 179 109-110 1900 
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broT^ning and djing of the branches, making no allusion to whitish oval 
spots on the stems and leaves. The disease has since been observed in 
Indiana and several times in Geneva, New York (F. C. Stewart, letter to 
uliter). It has lately been reported from Massachusetts by Anderson,* 
who suggests the po'isilnlity that the diseases described by Sydow and 
Stevart are identical. Sydow did not mention the occurrence of the dis¬ 
ease on the stems and, 'with the exception of Anderson’s suggestion, no 
report of the relation between the stem blight and leaf spot stages, as far 
as is known to the writer, has been made in literature. Both forms were 
found on garden and greenhouse plants observed at Ithaca, New York, 
during the summer and faU of 1917 and 1918. 

In garden plants the chief importance of the disease lies in the unsightly 
appearance of the spotted leaves and brown, withered shoots. In green¬ 
houses, where the snapdragon is grown on a large scale for bedding plants 
or for cut flowers, the unsalable condition of the dwarfed young plants or 
the reduction in blovssom yield due to the killing of the branches may re¬ 
sult in considerable loss. 


SYMPTOMS 

The lesions appear on out-of-door plants in late June or early July. 
On greenhouse plants they appear in the late fall, when the seedlings or 
cuttings have reached a height of 6 or 8 inches. Plants of any ago are 
susceptible, but very j'oung seedlings are not often attacked. 

On ike leaves. Tlie effects of the disease on the leaves are various (fig. 
1), The first evidence of its presence is the appearance of small dark 
spots, brownish purple in color on the red leaves, dull greenish brown on the 
green leaves. These spots most frequently occur at the tip of the leaf or 
on the mai’gin near the tip. Sometimes, however, lesions may occm' in 
the l amin a, in which case they are nearer the base than the tip. The 
spots are visible on both sides of the leaf and soon become cream-colored 
and slightly sunken in the center. As the lesions spread, the cream color 
changes to pale brown, the advancing margin remaining dark. The older 
lesions are distinctly zonate with fine raised ridges limiting the zones, and 
the upper surface is thickly dotted, especially toward the center, with small 
black bodies easily visible to the naked eye. If the tip of the leaf is af¬ 
fected, usually only the one lesion is present, but the margin of this lesion 
often advances downward into the blade rapidly and irregularly until 
more than half of the leaf is involved. If the early lesions appear in the 
lamina, one or several may occur. These spots are elliptical, though the 

*.4jiderson, P, J. Inde.^ to American species of Phyllosticta. Mycologia 11: 
66-79. 1919. 
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maigm ma\ soon become inegulm and often s \eiil spots coalesce foim- 
ing a ]ait,c indefimt" discoloicd \iea Vs the let5lon'^ become oldei the 
diseas d tissue licc omes so p xpei> and 1 iittlc thit it bie d s aw n fiom the 
health'^ tissue gi\mg the le if a la^ge t ^pl e ii mce a'^ tho h it hid been 
eaten M insects riuspcc ihai biitil n^'-sol the ifteeted ti^sie causing it 
to ciumblo to powdei when nibbed lx l\ een the finis I'l one of the con 
stant s> 111 } tom ol tnc di'i s In the e s (t ihc Miiilhi lesions in the 



IlG SnAIDEICON blLMb AfIjECTED WlFH PhILLOSTICFV BlICHT 

A Voung stems with laige blown lesions shown g abundant picnidia B, Old 
stems showing white spots at base 

lamina, the centei sometimes falls awa\ \ loducmg \ shot hole effect 
Seveiely affected leaves maj become completely witheied turn dark 
brown, and elmg to the stems foi a long time leseinblmg the leaves of the 
bhghted blanches Seveial cases of the spiending ot the infection fiom 
badly diseased leaves thiough the petiole and mto the stem have been 
obseived but tins does not appeal to be of constant occmicnce 
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0 til t 7 Bctli f 11 11 I \ouni 5 btems ma^ be attacked the lesions 
octuiima at ini p int ind iteii appeiiuie, some tmie befoie any leaies 
ait abt Ud s ciMit how \ei 'iiis that it is luoflj the succulent 
shoot which au ittickel 01 ciiitions ol the wiitei ha\e confiimcd 
t his ta emtnt foi the 1 iinch bhaht foini ot the di ca c that to which 
btev art hid rcftitnto A. witci sjoaltd oiei sudekuh appeiis on the 
louna '•hoot '•<^ieial inches 1 icl liom the tip and spie^ds rapidlj aiound 



Fic 3 Heilthi iND Diseased bMPCRAGON Feints 

4 Health} phnt B disea'sed plant of the same age showing branch blight form 
of the di‘)ease and general dwarfing 

and lengthwise of the stem In a few days, the affected tissue shows a 
lathei fii-m daik blown lot then soon collapses and dues Sometimes 
the whole shoot in affected and becomes \eia buttle the leaves also tum- 
mg brown and lni\ cllmg At othei times the spread of the water soaked 
oiea is checktd foi '^omt reison leading the teimmal poition of the shoot 
gieeii In thi ca t the ccUip mg and di\mg of the lotted aiea soon cuts 
of! the watei 'Jupph to the giten tip so thit it giadualh wilts often faU- 

‘Ntwlork Ctne\i 4gr Exp Sta Bui 109 
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ing over at the affected point. These were the symptoms which led 
Stewart to call the disease “branch blight” and “stem rot” (fig. 3b). 

In addition to this bhght or rot of the branches a form of the disease 
occurs m which more definite lesions are produced on the stems. These 
lesions are first visible as dark green, water-soaked and slightly sunken 
spots. In some cases, chiefly on old, woody stems the spread of the 
lesions soon ceases, a siugle spot being only two or three centimeteis in 
length by one or two centimeters broad and oval in outline. Often sev¬ 
eral spots coalesce forming a large irregular patch which may nearly girdle 
the stem. Within a few days the center of the spots becomes ashy white 
and often split or cracked, the margin being dark brown or purplish, and 
small raised dots appear in large numbers scattered over the surface (fig. 
2b). These dots, which at first are .brown and later become black, are 
the pycnidia of the fungus. Lesions of this type appear most often at the 
base of the stem and can be distinguished from the lesions of the anthrac- 
nose only by the presence of these pycnidia and the fact that the blanched 
center of the spot lacks the blistered appearance found in the latter disease. 

In other cases, usually in succulent stems, the spots enlarge very rapidly, 
sometimes spreading longitudinally for a distance of several inches, and 
often spreading horizontally so rapidly that the stem is completely girdled 
within a few days. These lesions do not become white or cracked or 
sufiken but are yellowish to dark brown, with or without a heavy dark 
margin, and smooth, with numerous pycnidia arranged over the surface in 
close concentric circles (fig. 2a). The dead host epidomis adheres closely 
to the stem in these brown lesions, but in the white spots on woody stons 
it is voy loose and brittle and flakes off easily. 

On the plant as a whole the effect of the blight is a general dwarfing (fig. 
3b). If any blossom spikes are produced they are so weak that they are 
unmarketable. No lesions, however, have been observed on the flowers 
themselves. 


BTIOLOQT 

The blight of snapdragons caused by the pathogene PhyUosiicta arUir- 
rhini Sydow. This fungus was originally described by P. Sydow* as oc¬ 
curring on leaves of AnUrrhinum majus and was published by him as 
an hitherto undescribed species in Hedwigia in 1899. Li 1900 F. C. Stew¬ 
art^ ascribed the stem disease which was first observed by him on snap¬ 
dragons in a greenhouse at Geneva, New York, in 1898, to the presence of 
an undetermined species of Fhoma. 

« 

* Hedwigia 38:134. 

^ New York (Geneva) Agr. Exp. Sta. Bui. 179* 109-110. 
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A comparative study of type material from Sydow’s collection® and 
Stewart’s original specimens,® together with material collected at Ithaca, 
New York, has shown that the morphologj' of the three organisms is iden¬ 
tical. Specimens from Ithaca, sent to Stewart for examination, were 
pronounced by him to be affected with a fungus “without doubV^ identical 
with that noted by bim in 1900. Furthermore, as will be shown later, 
the fungus collected by the writer proved capable of producing all three 
tjTpes of sjTnptoms (leaf spot, branch blight, and stem spot) and cultures 
obtained from leaves produced lesions on stems and those from stems pro¬ 
duced lesions on leaves. From these facts it may be concluded that the 
fungus obseiwed by Sydow, Stewart and the writer is the same and that 
it produces a disease of both stems and leaves of AMirrhinum majus 

Attempts to discover a perfect stage of this fungus have failed so far. 
Old stems and leaves containing pycnidia were exposed out of doors 
through the winter, but repeated examinations of large amounts of mate¬ 
rial the following spring showed only pycnidia, some empty and some con¬ 
taining matizre spores, to be present. Although the pathogene attacks 
both stems and leav^es of the host, it seems best to retain for it the genus 
name Phyllosticta given by Sydow, since his was the first published de¬ 
scription of the species. 

Pathogenicity. By inoculation experiments with mycelium from pure 
cultures of the fungus, Stewart^® practically demonstrated the pathogenic¬ 
ity of this organism. He inoculated snapdragon plants by puncturing the 
succulent shoots about three inches below the tip, insertii^ a bit of my¬ 
celium and covering the whole with grafting wax. In all cases the charac¬ 
teristic sjTnptoms appeared, some of the branches being completely wilted 
wdthin five days. 

With pure cultures of the fungus, obtained by the methods described 
under “cultural studies” from diseased plants collected at Batavia and 
Ithaca, the waiter has carried out additional inoculation experiments. 
Infections were obtained on both stems and leaves, and the fungus was re-‘ 
isolated from the lesions produced. Both mycelium and spore suspensions 
were prepared by crushing several mature pycnidia from pure cultures in 
a few cubic centimeters of sterilized wat^. In later experiments, spores 
from pycnidia taken directly from infected stems were used, the results 
being the same as those produced by spores from the pycnidia grown in 
pure culture. 

’ The writer is indebted to Dr. W. G. Farlow of Harvard University and Dr. F. J. 
Seaver of the Xew York Botanical Garden for their kindness in furnishing this mate¬ 
rial. 

* Tbattls< are due F. C. Stewart, Botanist of the Geneva Agricultural Experiment 
Station, for his generosity in loaning his original specimens. 

New York (Geneva) Agr. Exp. tita. BuU X79; 110. 
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For the first experiment eight vigorous greenhouse plants of different 
varieties, growing in S-inch pots, were selected. Three of the plants were 
wounded with a sterile scalpel at different points on the main stem and on 
the larger and smaller branches. Before wounding, the areas had been 
washed with a 1-1000 solution of corrosive sublimate and then with ster¬ 
ilized water. A small block of agar bearing mycelium was cut from the 
advancing margin of a culture and smeared over the injury. The part 
was then covered with moist cotton and wrapped with tinfoil. Three 
other plants were smeared with mycelium and covered in the same man¬ 
ner, except that no injury was made. One of the two remaining plants 
was used as a check for each set, being treated in exactly the same manner 
as the inoculated plants except that no inoculum was used. All the plants 
were kept in the greenhouse where the temperature ranged from 19° to 
21°C. during the day and 7° to 10°C. at night. They were examined 
daily, and the cotton and tinfoil were removed on the third day. In the 
injm’ed plants 100 per cent infection was obtained on the green stems and 
about 50 per cent on the red stems, the typical water-soaked lesions ap¬ 
pearing on the second day. The lesions spread rapidly, taking on the 
characteristic colors, and some of the branches were completely wilted on 
the ninth day. Fruiting bodies appeared in the lesions on the third or 
fourth day. In the uninjured stems the perceutage of infection was much 
less, and the lesions were several days later in appearing. In the check 
plants no lesions appeared at any time. 

In the second experiment four plants were sprayed with a spore suspen¬ 
sion by means of an atomizer, two then being covered with beU-jars for 
three days and two being left uncovered. Two check-plants were sprayed 
with sterilized water, one being covered with a bell-jar and the other left 
uncovered. All the plants were kept at the same temperature as tl|,ose in 
the first experiment. No infections were obtained in those plants left 
exposed to the air, but in those covered with bell-jars lesions appeared on 
the leaves in seven days. Pycnidia appeared almost as soon as the lesions 
became visible. No infections were produced on any of the stems. Both 
checks remained perfectly healthy. 

Later experiments were tried on a large number of plants and the fol¬ 
lowing results were obtained: 

Leaves inoculated by a smear of mycelium and covered with moist cot¬ 
ton occasionally showed infections, but in the cases observed, no pycnidia 
were developed in the lesions. The infections on the leaves rarely spread 
through the blade and petiole into the stem. 

Stems of all ages became infected when myceliun was used as inoculum 
but lesions were most frequently obtained on young shoots. On old woody 
stems lesions were rarely produced and were small. 
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Although repeated trials were made, no infections of leaves or stems 
either by mycelium or by spores were obtained on plants kept m a cool' 
house where the temperature did not run above 10°C. 

Spore suspensions, whether of spores from pycnidia in culture or from 
those in host tissue failed in every case to produce lesions on the stems. 
An explanation of this and the preceding point will be given later. 

Cultures obtained from stem lesions produced infections in both stems 
and leaves and those from leaf lesions produced infections on both leaves 
and stems. 

The above experiments prove the ability of both the mycelium and the 
spores of the fungus to produce the disease. Reisolations were made from 
the various plants becoming diseased after inoculation, and in each case 
the fungus obtained was identical in all respects with that in the original 
cultures. 

Life history. Pkyllosticta antirrhini may pass the winter as pycnidia 
in old lesions on the dead stems and leaves. Many shoots of the 
snapdragon remain green all winter, especially in places where there is 
some protection, such as in rubbish piles, and are only partially decayed 
in the spring. Partially saprophytic mjmelium is abundant within such 
shoots, especially the succulent ones, and in the very early spring begins 
to form pycnidia. These pycnidia are a much more prolific source of 
inoculum than the overwintered ones and have been found to contain ma¬ 
ture spores as early as the middle of April. During periods of rainfall in 
wann weather, the spores are discharged from the pycnidia in gelatinous 
coils as described below and are carried to the young plants. This form 
of discharge makes it probable that wind, rain and possibly insects may be 
the carriers of the conidia. The fact that infections occur so commonly 
at the. tips of leaves where, due to the conformation of the snapdragon 
leaf, drops of water alwaj^s collect after a rain, would seem to indicate that 
rain drops are the common carriers of spores, at least to the leaves. 

In the greenhouse the pathogene may be carried over from season to 
season in several ways: as mycelium or pycnidia on plants brought in 
from the garden, in debris left in the benches, in plants moved from house 
to home. The spores may be disseminated by sev^al agents, such as air 
currents, insects, or the hands of those who work with the plants, but 
probably the most important are the drops spattered about in watering 
the plants. 

Under the proper conditions of moisture and temperature the spores 
ger m i na te rea^y on the surface of the host and produce infections. 

A detailed study of infection has been made for the leaf only, but the 
main features of the process are doubtless similar in the stem since the 
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epidermal structure in the two organs is practically the same. Vaughan’s^ 
method of preparing material in toto proved the most useful for this work, 
though even with careful manipulation it did not invariably give good 
results. Small drops of water containing spores were placed on leaves 
laid on damp filter paper in moist chambers, in some cases the drops beiag 
on the upper, and in others on the lower, surface of the leaf. After being 
kept in a warm room for about forty-eight hours, the moist chambers were 
opened and the drops allowed to dry down on the leaves. The inoculated 
areas were then cut from the leaves and lolled and fixed in Duggar’s fixer 
(equal parts glacial acetic acid and 95 per cent alcohol). Since the cuticle 
of the snapdragon leaf is very thick, it was found necessary to puncture 
the tissue with a needle in order to secure rapid penetration of the fixer, 
and to soak the material m 95 per cent alcohol overnight before washiog 



Pig. 4. Tip op Long Germtubb op PHniLosTiCTA antisrhini Emtbeinq Leap 
Through Stomatb and PENBaaiATiNG Epidibmal Cells 
Camera lucida. X 600 

to completely decolorize it. From Ihe 95 per cent alcohol the bits of leaf 
were carried back to 50 per cent alcohol, washed in several changes of the 
latter and then stained with Pianeze in B for fifteen to thirty minutes. 
When the proper reactions are obtained the pink spores and germ-tubes 
stand out in sharp contrast to the pale green cell walls of the host. 

The method of penetration is the same whether the germinating spore 
lies on the upper or on the lower surface of the leaf. The slender germ- 
tube grows over the surface for a consid^able distance, finally turning down¬ 
ward at the tip and entering a stomate. The first stomate oicountered is 
not always the one entered. The germ-tube is usually non*septate and 
unbranched when it enters the leaf, but several cases were observed in 

Yaughaa, R. E. A method for the differential stainiiig of fungous and host 
oella. Missouri Botanical Garden Annals 1; 241-2^. 1914, 
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which branching had occurred and the tips of the branches had entered 
different stomates. 

The presence of hj^dathodes at the tips of the leaves, offering even larger 
openings than the stomates for the entrance of the germ-tubes, may partly 
explain the frequent occurrence of lesions at the tips. 

From the substomatal cavity the germ-tube enters the epidermal cells 
and infection is established (fig. 4). 

Morphology. In the host tissue the mycelium is both inter- and intra¬ 
cellular, but no haustoria have been found. The mycelimn is hyaline, 
irregular and stout, varying from 3 to 6/i in diameter. It is divided into 
manj" small cells by numerous septa and is profusely branched. 

Sometimes simultaneously with the development of the lesions on the 
stems, sometimes several days later, the pycnidia become visible. On the 
leaves their appearance is usually delayed from one to several weeks after 
that of the lesion. They are imbedded in the tissue of the host, but are 
easily visible to the naked eye as small black papillae. 

The development of these pycnidia presents no unusual features. The 
hyphae in the host tissues form a close gnarl just under the cuticle in the 
stem or just beneath the upper epidermis of the leaf, this gnarl forming 
the pycnidial wall made up of an outer layer of thick-walled pseudoparen- 
chjmatous tissue and an mner thin-walled fayer. The mature pycnidiinn 
(fig. 5) is of the typical flask shape and protrudes slightly above the rup¬ 
tured epidermis or cuticle of the host. The very short neck is made up of 
exceedingly heavy-walled cells, which give it the appearance, in surface 
\’iew, of a black ring in contrast to the brown walls of the body. In size 
the mature pycnidia vary from about 66/* to 260/* in diameter, the average 
being about 100/*. Sydow describes them as measuring 100/t to 180/* in 
diameter. 

The cavity of the pycnidium is lined with a layer of thin-walled hyphae 
which stain very slightly. From this layer the minute (1 by 3/*) cylindri¬ 
cal conidiophores arise (fig. 5). The small hyaline pycnospores are cut off 
from the conidiophores by constriction. They are produced in great num¬ 
bers and are imbedded in a gelatinous matrix, the whole mass completely 
filling the cavity of the pycnidium. In the presence of moisture the gela¬ 
tinous matter swells and the spores are extruded from the ostiolum, held 
together in a long whitish coil. Some idea of the large number of spores 
formed in a single pycnidi\nn may be gained from the fact that tlie complete 
emptying of a pycnidium of average size was observed to require twenty- 
three minutes, the coil of spores attaining a length of over 8 cm. 

The pycnospores (fig. 6) are cylindrical with blunt rounded ends to 
nearly ^psoid. They are biguttulate, hyaline, 4 to 6 by 1 to 2/* (usuaHy 
4 by 2/i), (4 to 6 by 1.5 to 2/*, Sydow). 
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When placed in tap water, distilled water, or snapdragon leaf decoction 
or on potato agar, and kept in a warm place, the spores from mature 
pycnidia ger mina te within eighteen to twenty-four hours. Spores placed 
in drops of water and on very thin films of potato agar on the inverted 
covers of van Tieghem cells, and kept from 23* to 29°C., gave nearly 100 
per cent germination in about eighteen hours, growth of the hyphae being 
much more profuse in the agar film. 

At temperatures lower than 18°C. or higher than 47°C. or in the absence 
of^a film of water germination does not occm*. Spores placed on dry covers 



Fig. 6. M\Tran Ptcniditjm op PhyliiOSticta wtikrhini in Ooetbx op Host 

Stem 

Ix)ngisection. Most of spores have been extruded. Camera Lucida. X 600. 

ofjvaa Tieghem cells, or in drops of water so small that they soon dried 
off, failed to germinate, although the air of the cell pr^umably was kept 
moist by the large drop of water in the bottom. Spores kept at a temper¬ 
ature of 47°C. or higher and 18*0. or below did not germinate at all, while 
those kept at 20* to 21°C. gave a small percentage of germination, the 
germ-tubes, however, not developing into mycelium. 

The first evidence of germination of the spore is a marked swdling, fol¬ 
lowed by the appearance at the end of the ^ore of a stout germtube, al¬ 
most as large in diameter as the spore itself. One or two germtubes are 
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sent out from one end of the spore, or a tube emerges from each end (fig. 
6). The germ-tubes elongate rapidly and become septate, soon branching 
to form the mycehum. 

A consideration of the factors governing germination in the above tests 
may explain the negative results obtained in certain of the inoculation 
ejqperiments. No infection was produced when plants inoculated with a 
spore suspension were kept in a house where the temperature did not rise 
above 10°C. Since a temperature of 20°C. or higher is most favorable for 
spore germination, infection probably failed because no germination oc¬ 
curred. The host stems of Aniirrhinum majus are provided with a heavy 
cuticle and so shed water and dry off rapidly. Thus it is possible that in 
the case of the stems sprayed with a spore suspension, although the plants 




Fig 6. Matcbb and Geeminating Ptcnospobbs op Phyllosticta antirshini 
Note swePing at ^rmination. Camera lucida. X ^ 

were kept in a warm house, infection failed because the drops of water 
containing spores did not adhere long enough for germination to take 
place. If any of the spores adhered, the necessary film of water may have 
been lacking, pi’eventing germination in this way. 

CULTUSAli STtjniBS 

Pure cultures of PhyUostida arMrrUTd were repeatedly obtained in 
the following manner; 

Pieces of diseased stems or leaves were disinfected on the surface by 
immersing in 95 per cent alcohol for several seconite, then soaking in 1-1000 
corrosive sublimate solution about one minute. They were rinsed in five 
changes of stezilized irater and bits of the infected tissue were then taken 
out with sterilized foiceps and transferred to sterilized media. 

In obtaining pure Ifces of the fungus, single hyphal tips were cut from 
the margin of vigoroisly growing young cultures by means of a sterile 
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shaip pointed scalpel and tiansfeiied to new medii This method was 
found to be moie satisfactoiv than the single spoie method on account of 
the difficulty of locating the small hjalmc spoies in a pomed plate 
Obseivations on the cultmal chaiacteis of the fungus were made with 
onlj the moie common sohd media potato oatmeal bean commeal and 
nutiient agais bean plugs and with beef bomllon Some marl ed diffei- 
ences m the giowth on the % aiious solid media weie noted 
On nutiient agai the giowth of PhyUosticta anti him is vei;y slow and 
weak and fimtmg bodies aie not pioduced 



Fig 7 Growth of Phillostiot-i. antirrhini ov Potato and Cornweal 

Agar Fimj Dats 

A Yellowish white giowth on potato agar B Greenish black growth on coin 
meal agar 

The growth of the h'sphae in beef bouillon is \eiy rapid The medium 
IS peimeated by mycehum m seveial dajs and a heavj yeEowish grey 
peUicle IS formed at the smface No fruiting bodies aie formed m this 
medium 

In potato and bean agai the giowth of the fungus is lapid and profuse, 
becoming visible macioscopicall-v withm twenty foui houis aftei plantmg 
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The topical gro^^ths on these media are low (aerial hyphal branches not 
moie than O.o nun. high) and thin, the hj-phae penetrating the substratum 
only '^lightly. In coloi the growths are yellow ish and smooth below, sordid 
white and flocco'^e above, with a nearly coloiles'? zone at the extreme margin. 
The pyemdia appear eaily, usually within two or three da-\s after the my¬ 
celium becomes visible. They are at first brownish, then become black, 
and are scattered m concentric circles aiound the oldest part of the plant¬ 
ing, soon becoming abundant and dotting the whole surface. Older cul¬ 
tures (about eight daj's) are distinctly zonate. In cultures several months 
old, the early growth is overgrown by a thick, black, stroma-like crust 
which is glossy, except where a scanty white mycelium still persists. 
PjTnidia fonned in this crust are laiger but less abundant than those 
produced in the young, vigorously growing cultures. 

On oatmeal and coinmeal agar the growdh is sunilar in form to that on 
the potato or bean agar, liiit is strikingly different in color. As early as 
the third day after planting the growdh is greenish black, with a more or 
less glossy surface and with a colorless band at the extreme margin. The 
color is located in the mycelium itself, and is not due to a discoloration of 
the medium. Pj^cnidia are produced as abundantly as in potato and bean 
agar, and the same zonate chai’acter appears in cultures five to seven days 
old. Old cultm'es (three to fom* W’eeks) are uniformlj’’ dull-black, the zon¬ 
ate character ha\ing disappeared. 

The typical young cultures on the two tj'pes of agar are shown in com¬ 
parison in figure 7. 


PATHOLOGICAL HISTOLOGY 

In both stems and leaves the lesions produced by this disease are necro¬ 
tic. The myceliiun is inter- and intracellular as aheady stated. In the 
stems it is found beneath the cuticle and between the cells in long strands 
made up of several parallel hyphac, while within the cells hingle hyphae 
pass from lumen to lumen. Apparently the mj'-celium is able to pene¬ 
trate the walls of the softer cells directly but must enter the thicker walled 
cells such as the traeheids through the pits. All types of tissue with the 
possible exception of sclerenchyma are attacked. Vessels are rai’ely in¬ 
vaded. The epidermal cells are the first to be invaded, the mycelium 
{spreading from them to the outer cortical cells, then progressing more 
deeply into the stem through the phloem and cambium regions to the xylem 
and pith. Injury to parencbjinatous cells is apparent several cells in ad¬ 
vance of the mycelium. The contents of such cells are completely de¬ 
stroyed. They are first broken down, then disappear entirely. The 
empty walls soon collapse leaving the tissue merely a mass of broken 
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walls and tangled hyphae. The presence of the hyphae produces no 
apparent effect on the invaded lignified cells (fig. 8). 

The histological^ changes which occur in the leaf are similar to those 
seen in the stem. The same destruction of the soft tissues takes place, 
while the veins are penetrated but rKoaain intact. The mycelium formed 
from the germ-tube attacks first the epidermal cells, spreading in aU direc¬ 
tions from the point of penetration. The epidermal cells are killed rap¬ 
idly, and the palisade cells are next attacked. These cells soon die and 
the infection spreads downward through the leaf until finally all tissues 
are involved. 



Fio. 8. PathoiiOqicaIi Effect of Phyllosticta antibbhini on Tissues of 

Young Snapdragon Stem 

Note dismtegratiou of cortex, phloem and cambium regions and invasion of xylem 
elements. The mycelium is seen passing through the pits of the jqrlem cells. Cam¬ 
era luoida. X 202. 

The successive stages in the disintegration of the cells of both leaves 
and stems are easily studied in mitmjtome sections out about 5/* thick. 
Satisfactory results are obtained in stainmg such material with either 
Flemming^s triple stain or Heidenhain^s iron alum-haematosylin. 

The oytopla^ is the first to show the effects of the pr^ence of the fun¬ 
gus, Before the cell wall is penetrated by the hyphae, cytoplasm, prob¬ 
ably attacked by some toxin or enzym secreted by the advancing myce¬ 
lium, breaks up into coarse granular particles and finally disappears alto- 
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gether. The nucleus remains visible for a time but soon breaks up and 
disappears in its turn. The chlorophyll bodies, when present, are the last 
to disappear, and may often be found apparently intact for some time 
after the walls are empty of other content. At length they too disappear. 
The cell walls may collapse soon after the breaking up of the cytoplasm, 
or they may remain normal for a time after aU contents are destroyed, 
even though penetrated by hyphae. Eventually, however, they collapse 
and become more or less broken. 

The line of demarcation between the healthy and diseased tissues is 
very sharp, but no e\’idence of cork formation or of suberization could be 
discovered. 

The collapse of all soft tissues in both stems and leaves is responsible 
for the sunken appearance of the lesioi^, and the complete breaking down 
of the cells and drying of the tissues causes the brittleness and ready 
crumbling of the affected areas described under symptoms. 

CONTROL 

Little work has as yet been done on the control of the Phyllosticta 
blight. Stewart^ offers the suggestion that spraying with Bordeaux mix¬ 
ture as for anthracnose may be efficacious. It seems probable also that 
dusting with sulfur would control this blight. This method would give 
the additional advantage of continuing the rust at the same time. The 
planting of snapdragons in gardens where the disease was prevalent the 
preceding year should be avoided unless all debris can be removed. 

From the observations of the conditions required for spore germination 
and from the results obtained in the inoculation experiments, it seems 
possible that in greenhouse plants the disease can be greatly diminished 
if not entirely controlled by certain precautionary measures. The first 
is of course the removal of all debris from infested benches before new 
plants are put in and the use of only healthy plants for setting. The sec¬ 
ond precaution is the practice of soil watering, with proper ventilation of 
the house. FinaJly, snapdragons should be grown in cool houses, for the 
plants will do well in an average temperature of 16®C., a temperature at 
which the fungus can not thrive os a parasite. 

** New York (Geneva) Agr. Exp. Sta. BuL 179:110. 



PHOMOPSIS JUNIPEROVOEA, A NEW SPECIES CAUSING 
BLIGHT OF NURSERY CEDARS 

Glenn Gabdneb Hahn 

With One Figebb in the Text 

In the writer’s early studies of the nursery blight of cedars (3) an unde¬ 
termined organism was isolated from Jumperus virginiana L. and found 
to be the causal fungus. At that time this fungus was referred temporarily 
to the genus Phoma, until determination work of a more complete nature 
had been accomplished. 

By growing the fungus secured from a series of isolated spores, in pure 
culture upon com meal agar and prune agar in petri dishes, and steamed 
rice and com meal in flasks, fruiting bodies were secured, but these in no 
case observed were of an ascigerous stage. Sections of tiie pycnidia pro¬ 
duced by the inoculation of J. virginiana in the greenhouse ^owed abund¬ 
ant occurrence of scolecospores (The A and jS type spores of Diedicke (1)) 
characteristic of the genus Phomopsis (2). Field material which previ¬ 
ously had shown apparently only A type spores and what appeared to be 
a Phlyctaena, upon further sectioning and examination ^owed type 
spores occurring in the same pycnidimn with the A i^ores. This obser¬ 
vation of the two spore types, together with the observation as to the 
nature of the pycnidium (which, as was earlier indicated, did not refer 
the fungus to a typical Phoma), definitely shows the organiCTu to belong to 
the genus Phomopsis, and inasmuch as it diflers from all other fungi so 
far described as infectious to J. virginiana and from aU other Phomopses 
upon conifers, it is now described as Phomopsis juniperovora n.sp., having 
the following characteristics: 

Phomopsis juniperovora n.sp. (fig. 1, A) 

Pycnidiis sparsis, fusois, oarbonaoeis, lenticularibiis, oonoideis, vel trimcatis bis 
aubglobosis; initio subepidermicis denique erumpentibus, aatromstoideis, ostiolatis 
vel non de^ite ostiolatie, contextu heterogeneo praeditis, matricibns saepe supra 
cavitates sporiferas incraasatulis; in foliis,—epiginis, raro hypogenis, lenticularibus 
bis subglobosis, unilooularibus, 124-310^ diameter, vulgo 200m; in truncis—oonoideis, 
truncatis vel lenticularibus, basi latis, depiessis, unilooularibus, matrioibuaproliferia 
frequenter disseptimenta formantibus; 1S6-620m diameter vulgo 350m> 

Sporulis ellipsoideis, oblongis vel fusiformibus byalinis, oontinuis, biguttulatis, 
6.6to 12byl.Sto 3.5m, vulgo 7.5 to 10by2.5to3 m. Basidiisfiliformibus,attenuate,con- 



Fig. 1 


A. A t 3 ^ical pyemdium of Phomopsis jumperovora upon the st«n, showing both 
A and B type spores. Drawn with aid of* the cfunera iuoida. Approzimately 
118 X. 

B, Fycnidium upon the stem, showing the dense pseudopaienehymoua layer over> 
lying the spore eavity. It is this growth which breaks through the epidermis, fre¬ 
quently before spores are formed. The chmmey-like ostiole is dharaoteristie. Drawn 
with the aid of the camera Iuoida. Approximately 118 X. 
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tmui3, feubulatis, 5 to 15 by 1 to 2n Scolecospoiulis filifoimibus, lectxs, vel leviter 
cuivulis, vel hamatis, laio sigmoideis, 17 5 to 28 by 1/x, vulgo 20 to 24 by 1/*. Basi- 
diis brevibus, subulatis, byt 

Hab —In acibus et truncis Junipeii virgmianae, DTindee, Ill. 1916. 

Pycnidia lens-shaped, conical, truncate, at times subglobose typically 
depressed with a broad base; embedded at first but becoming erumpent 
by the upper part of the pycnidium breaking through the epidermis before 
or with matmity; separate; without a stroma; texture, heterogeneous; the 
spore-bearing cavity floored below by a layer of faintly colored cells, two 
to several thick, and roofed above with a denser layer, at times exceedingly 
thick; (fig. 1, B); toward the outside the cells may be considerably darker, 
brown or black, ostiolate but generally provided with an opening slit or 
irregular orifice; upon the leaves, lens shaped to subglobose (fig. 1, C), 
epigenus, always simple chambered, 124 to 310/1 diameter, average 20QiJ.; 
upon the stem, cone shaped, truncate or lens shaped, simple chambered, 
frequently with rudimentary partitions arising from the proliferous layer, 
usually from the lower floor or base of the cavity (fig. 1, D), 186 to 620/i 
diameter, average 350/i. Spores oblong to ellipsoid, or spindle shape, 
with subacute extremities, usually biguttulate, occasionally with more 
than two oil drops, hyafine, continuous, 6.5/i to 12 /i by 1.8 to 3.5/i (lOO 
measurements) (fig. 1, Kjr commonly 7.5 to lO/i by 2.5 to 3/i; sporophores 
filiform, linear, subulate, often slightly curved, 5 to 15 by 1 to 2/* (fig. 1, 
F) in close set, compact layers, persistent (fig. 1, G). 

A^ociated with the A spores and produced in the same pycnidium are 
jS spores or scolecospores. These may also occur alone in fruiting bodies 
approximating the Phlyctaena genus type. Tlie second spore forms are 
long, filamentous, occasionally curved S-shaped, or hooked at the upper 
end, 17.5 to 28/t by 1/*, generally 20 to 24/i by In (fig. 1, H). Sporophores 
short subulate, about 6n (fiig. Ij«/). 

Spores extruded in a cream colored, gdatinous tendril 1 to 5 mm. l6ng, 
becoming brittle upon drying. 

Type specimen in the Pathological Collections, B. P. I., U. S. Depart¬ 
ment of Agriculture, and Oflice of Investigations in Forest Pathology (F. 

C, Pycnidium upon a leaf. Drawn with the aid of the camera lucida. Approxi¬ 
mately 197 X. 

D, Pycnidium upon the stem showing false partitions arismg from the floor of 
the spore-bearmg cavity. Drawn with the aid of the camera luoida. Approxi¬ 
mately 113 X. 

E, Typical A type spores D26 X. 

F, Sporophores of A type spores. 1126 X. 

G, Proliferous layer and sporophores, 663 X. 

H, B type, or scolecospores. 1126 X. 

J, Sporophoies of B type spores, 1126 X, 
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P. Nos. 25002, 25005) on diseased Juniperus virginiana L., nursery grown 
stock, thi’ee years old, from Dundee, Dl., June 1916. 

DistrihuUon. Nebraska (3); nursery stock of J. virginiana L. in Kan¬ 
sas, nimois, jVIinnesota, lowa,^ Ohio, New York, Pennsylvania. 

CIJLTUEAL CHABACTERISTICS 

The cedar blight organism grows well on com meal agar, prune agar, 
steamed rice, and steamed com meal. It fruits more frequently on the 
com meal agar and on the com meal flasks, than on the other media men¬ 
tioned. 

Growth of the fungus is silky, appressed on com meal agar in petri 
dishes, with or without a slight tendency to zonate, at first empire yellow 
(4), becoming orange rufous after twenty days. The pigment is diffused 
thi’oughout the medium, in a radius of 10 mm. beyond the extending edge 
of the colony. This is accompanied by the formation of flaming orange 
crj’stals, which may occur within twelve days. These crystals are ob- 
seiw^ed less abundantly on prune agar. Here color pigmentation passes 
through the same shades during the early development of the colony, but 
finalty becomes tawny. Growth characteristics very much resemble those 
upon com meal agar. 

COlfPAiaSON WITH OTHER SPEC3IES OP PHOMOPSI3 ON CONIFERS 

In the literature exceedingly few species of Phomopsis have been de¬ 
scribed on conifers, although undoubtedly others will be found which at 
the present time are described under other genera. A Phomopsis occurs 
on Thuja occidentalis L. in Europe and has been described by Diedicke as 
P. thvjae Died. n. sp.* This fungus very much resembles the P. junipero- 
vora in that it apparently has the same morphological features as to the 
nature of its pycnidium. The A spores, however, differ in that the for¬ 
eign species has a smaller spore, 5 to 8 by 2n. The P. juniperovora spores 
are longer and wider. Unfortunately specimens of the P. Uiujae in Hie 
Pathological collections, U. S. Department of Agrieulure, distributed as 
No. 1018 Exsiccatus Sydow Mycotheca germanicu^ proved to be only a 
specie of Diplodia, so exact comparison was impossible, A note accom¬ 
panying the foreign specimens states that the P. tkujae is frequ^tly as- 

* Specimens sent from a nursery at Kent, Iowa, (1896), to Dr. P. 0. Stewart, N. 
y. (State) Exp, Station (Phytopathology, 8: no. 1. Jan,, 1918). Later, collections 
of material were also received by the Office of Forest Pathology, B. P. I., U. S. Dept. 
Agr., from this State (1916). 

* Kryptogamenflora der Mark. Brandenberg, 9; 275. 1912-1916. 

* Annalea Myoologici. 9s 667. 1911. 
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sociated with a mature Diplodia. Evidently only Diplodia material was 
sent over. 

It is here interesting to note that the parasitism of P. juniperovora has 
been proven positively upon young nurseiy trees, in the greenhouse, of 
Thuja ocddentalis and T. orientalis L. At the same time inoculations upon 
three pines, Finns edulis Engeknn., P. glabra Walt., and P. taeda Linn., 
gave negative results, as well as upon Pseudotsuga taxifolia (Lam.) Brit¬ 
ton, Picea parryana (Andr4) Pany, P. engelmanni Engehnn., and Ahies 
lasiocarpa (Hook) Nutt. 

That the Phomopsis juniperovora^ now a widely known distributed para¬ 
site upon young nursery cedars, particularly red cedar, is distinct from the 
European fungus of Diedicke is the opinion held; however, it is interesting 
here to call attention to a possible similarity between the two. The iden¬ 
tity of the Phomopsis thujae Died, with the native Phomopsis on nursery 
cedars cannot be definitely established until a direct morphological com¬ 
parison has been made from type material, and cross inoculation has been 
performed to prove parasitism. 

Office of Investigations nsr Forest Pathology 
U. S. Bureau of Plant Inuustrt 
Washington, D. C. 
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PHYTOPATHOLOGICAL NOTES 

Annual getteral meeting of the Association of Economic Biologists. Mr. 
W. B. Brierley, Botanical Secretary, has furnished a brief report of the 
airnnal meeting of the Association of Economic Biologists, which was 
held in the Imperial College of Science on December 10 and 11, 1919. 
Over seventy new members joined the association. Sir David Prain, 
C.I.E., C.M.G., F.R.S., was elected president for the ensuing year. 

Wednesday morning was devoted to short communications and ex¬ 
hibitions, upon each of which there was an active discussion. Mr. E. E. 
Green was in the chair. Mr. A. D. Cotton showed a collection of very 
beautiful photographs of tree diseases prevalent in the United States. 
Mr. W. F. Bewley showed tomato diseases destructive in the Lea Valley 
glass houses, A Tingid bug, attacking Rhododendrons, was exhibited by 
Mr. E. E. Green; whilst Mr. W. B. Brierley described a growth of Citro- 
niyces pfefferianus in pure deci-normal sulphuric acid, which had been 
sent to Rothamsted by Dr. Goldiag of Reading. 

On Wednesday afternoon the following papers were read and discussed, 
Air. A, G. L. Rogers occupying the chair: Mr. W. F. Bewley on “Sleepy 
Disease or Wilt of Tomato.*’ The pathogen has been named Fusarivm 
lycopersici, but this is composed of two discrete fungi, a parasitic Verti- 
ciUium sp., and a saprophytic Fusarium sp., the foimfer being the so-called 
Diplocladium stage. The pathogenicity of the Verticillium sp. is condi¬ 
tioned by a temperature factor, and there are various strains differing 
constantly in physiological properties. 

Air. W. E. Hhey on “A new Instrument for Measuring the Light In¬ 
tensity in Woods.” Solutions of chlorophyll and pure spirit are connected 
by a copper-constantin thermocouple and a current of about 1-3 by 10“® 
ampere obtained, which on a sensitive galvanometw gives a deflection of 
two inches. The instrument will be used in measuring the light inten¬ 
sity necessary for the growth of shade-bearing tre^ used for underplant¬ 
ing light demanders, and to test the value of forest weeds as indicators. 

Air. P. R, Petherbiidge on “The Life Bjstory of the Strawberry tor- 
trix, AeaUa comarianaf’ The life history of the tortrix, its distribution, 
and the damage it causes, were d^cribed, and remedial treatmeat 
indicate. 

Thursday was devoted to a symposium on “The integration of myco- 
lo^cal research with practice in Agriculture, Horticulture, and Forestry.*^ 
Dr, F. Keeble occupied tiie chair. 
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Sir Daniel Hall discussed the Admimstrative problem. The relation 
of ‘‘free'' to “administrative" research was dealt with, the former being 
controlled by a University or kindred body and only remotely subject to 
government criticism; the latter being an mtegral part of the government’s 
activities. The advantages and disadvantages of directed team work 
were discussed and administrative difficulties in this connection indicated. 
In dealing vuth plant diseases the Boaid of Agriculture proposes the fol- 
lowmg organization:— 

(I) The institutions engaged in free research. 

(II) The Board’s own staff of advisors and inspectors dealing with 
administiative research. 

(III) A corps of local investigators attached to the agricultural colleges. 

It is anticipated that it will be possible through the Councils of Re¬ 
search and Advice to keep these bodies so far in touch that from time to 
time combined investigations can be undertaken of particular wid^pread 
and pressing problems. 

Prof. V. H. Blackman discussed the training problem. Emphasis was 
laid on the fact that the prospects of a career must be sufficiently satis¬ 
factory to attract students of high ability. A wide outlook is essential 
in this work and students must not only have a good general knowledge 
of physics and chemistry, but a thorough grounding in botany and special 
training in mycology, mycologioal technique and plant pathology. No 
attempt should be made to produce a fungal systematist. Acquaintance 
with the results of plant breeding is advisable, as well as of medical bac¬ 
teriology and entomology. The physiological outlook is essential and 
field experience very important. 

Dr. E. G. Russell discussed the agricultural problem. Emphasis was 
laid on field study of the growing plant in health and in disease, both 
states being regarded as the resultant of the prevailing conditions. The 
extreme complexity of the problems was pointed out and illustrations given 
of the way^ in which they are being attacked at Rothamsted. The rela¬ 
tions between the central research station for fundamental investigations 
and the small r^earch sub-station devoted to particular aspects of crop 
production was indicated. The special difficulties of mycological research 
on agricultural crops were dealt with, together with the best methods of 
approach to the general problems, and it was concluded that in essential 
principles the work was more in common with that done amoi^ human 
beings on public health and eugenics than with curative medicine. 

Mr. F. J. Chittenden discussed the horticultural problem. The main 
problems confronting the mycologist in horticultural practice were indi¬ 
cated and the special difficulties described. These largely result from 
t;he intensive methods used, the vast variety of plants grown, many of 
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very limited adaptability, the controlled conditions of cultivation, and the 
transference of plants from place to place. The task of the mycologist 
is not only to de\dse such methods of control as are practicable under the 
conditions imposed, but to bring these home to the practical man. 
Emphasis was laid on the value of demonstration gardens as a means of 
education. 

Prof. W. Somerville discussed the forestrj’^ problem. The peculiar 
difficulties of mycological research in relation to forestry arise in the fact 
that in practice the returns are long deferred, the annual value of the 
output per acre is relativel}" small, the operations are conducted in less 
accessible areas, and the crop (trees) is less amenable to treatment. The 
possibility of breeding immune varieties and the diflficulties involved were 
indicated. Emphasis was laid on the necessity for pure research, but the 
diffusion of its results among practical foresters is not easy', owing to the 
obstacles involved m testing conclusions on a crop w^hich may not mature 
for a century'. The importance of the present widespread changes in land 
ownership and the bearing of the functions of the newly created Forestry 
Commission upon the new conditions introduced, was dealt with. It was 
concluded that it is in the improvement of education all round that we 
may' most hopefully look for continued appreciation of science and that 
when this advance has been secured the integration of research with 
practice will be a natural and inevitable consequence. 

Sir David Prain briefly described the functions of the Imperial Bureau 
of Ivlycology, now being formed, and its relation to existing institutions. 

The general discussion in the afternoon was opened by Mr. E. S. Salmon, 
and the following took part: ISIessrs. Brooks, Cotton, Brierley, Henry, 
Bruce, Taylor, Lister, Gough, Bewley, Willis, Ramsbottom, Wonnald, 
Paine, Keeble, and the Misses Cayley- and Wakefield. 

Checlc hst of Deparirnent of Agriculture publications. There are still on 
hand available for distribution copies of the “Check List of publications 
of the Department of Agriculture on the subject of Plant Pathology, 
1837-1918,” which was issued in June, 1919, as Bibliographical Contribu¬ 
tions No. 1 of the U. S. Department of Agriculture Library. Copies may 
be procured by application to the Library, U. S. Department of Agricul¬ 
ture, Washington, D. C. 

Personals. Dr, L. 0. Kunkel resigned the position of plant patholo¬ 
gist in the U. S. Department of Agriculture, on February first, to become 
associate pathologfet of the Hawaiian Si:^ar Planters’ Experiment Star 
tion, Honefiulu. He will be engaged in work on the mosaic disease of 
sugar cane. 
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Dr. B. 0. Dodge, for several years a member of the Department of 
Botany of Columbia University, has accepted a position as plant patholo¬ 
gist in the office of Fruit Disease Investigations, U. S. Department of 
Agriculture. 

Mr. Charles R. Hursh has resigned his position as assistant pathologist 
in Cereal Disease Investigations to take up graduate study at the Missouri 
Botanical Gardens. 

Dr. E. Mead Wilcox has resigned as professor of plant pathology in the 
University of Nebraska and plant pathologist of the Experiment Station, 
effective April 1, 1920, to accept the directorship of the Agricultural 
Experiment Station being established at Santo Domingo in the Dominican 
Republic. 

Washington meeting of the Advisory Board of American Plant Pathologists. 
The Advisory Board met m Washington January 29 to 31 with the follow¬ 
ing commissioners present; C. R. Orton, L. R. Jones, E. M. Freeman, H. 
S. Jackson, A. H. R. Buffer, and G. R. Lyman. The first session was held 
at the headquarters of the National Research Council on the invitation of 
Dr. C. E. McClung, Chairman of the Division of Biology and Agriculture. 
The Advisory Board is the committee on Phytopathology of the Research 
Council and this meeting not only afforded an opportunity for the Board 
to consider important matters referred to it by the Council, but also en¬ 
abled the members of the Board to become personally acquainted with the 
officers and work of the Council. 

Detailed consideration was given to the Phytopathological Institute in 
consultation with officers of the National Research Council. Dr. Free¬ 
man, Chairman of the committee on securing funds, spoke on the proposed 
Institute at a special meeting of the Pathological Seminar of the Bureau of 
Plant Industry. It is felt that definite progress is being made in develop¬ 
ing a wide-spread interest in the Institute and that the prospects are good 
for its realization in the not distant future. 

The status of the various cobperative projects of the Board was consid¬ 
ered. There is imperative need for funds to permit the leaders of these 
projects to push this work and to properly correlate the results obtained. 
That American plant pathologists have the spirit of co6peration is clearly 
shown by the discussions at the St. Louis meeting, but the effective prosecu¬ 
tion of cooperative projects requires funds to permit conferences of the 
coOperators, the securing of uniform material, and the comparison of re¬ 
sults. It is hoped that such funds can be secured, either through the 
agency of the National Research Comcil, or independently. In accord¬ 
ance with the vote of The American Phytopathological Society at St. Louis 
the Advisory Board took steps to inaugurate coSperation on dusting as 
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a means of plant disease control. Dr. N. J. Giddings of the West Vir ginia 
Experiment Station was requested to assume leadership and those inter¬ 
ested in this project should communicate with him. 

One of the most important topics before the Advisory Board at this 
meeting was the consideration of plans for a summer field meeting during 
1920. It was determined to hold such a meeting about the first week in 
August with particular reference to fruit diseases. The tentative itinerary 
decided upon involves assembling at some point in the Shenandoah Valley, 
probably at Winchester, Va., whence passage will be made by automobile 
northward through West Virginia and Maryland to the Gettysburg section 
of Pennsylvania. The duration of the conference will be three or four 
days. The itinerary contemplated covers one of the most attractive sec¬ 
tions in the eastern United States,—agnculturally, historically and scenic- 
ally. Careful consideration was given to plana for inviting pathologists 
from abroad to visit the United States at the time of this field meeting. 
This matter was finally left in the hands of a committee consisting of G. R. 
Lyman, G. L. Shear, and W. A. Orton. The following committee on ar¬ 
rangements was appointed to have charge of perfecting plans and making 
all arrangements for the Shenandoah Valley conference: F. D. Fromme, 
chairman, representing Virgmia; N. J. Giddings, representing West Virginia; 
C. E. Temple, representing Maryland; C. R. Orton, representing Pennsyl¬ 
vania; M. B. Waite, representing The Bureau of Plant Industry; G. R. 
Lyman, representing the Advisory Board. 

G. R. Lyman, 
Chairman. 
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Acres, S. F. Destruction of wood and pulp by fungi and bacteria. Pulp and Paper 
Mag. 17: 66&-671. Jy. 17, 1919. 

Appel, Otto, and Westerdijk, Johanna. Die Gruppierung der dutch Pilze hervor- 
gerufenen Pflanzenkrankbeiten. Ztschr. Pflanzenkrank. 29; 176-186. 1919. 
Arango, Roldolfo. Algunas plagas de nuestros cultivos. Cuba Sec. Agr. Com. y 
Trab. Ofic. Sanid. Veg. Bol. 2; 1-94, illus., fold. map. 1919. 

Atanasoff, Dltnitar, and Johnson, Aaron Gt^. Treatment of cereal seeds by dry heat. 
Jour. Agr. Research 18; 379^90, pi. 4d-49. Ja. 2, 1920. 

Literattue cited, p. 388-390. 

Baker, Carl Fuller. A contribution to Philippine and Malayan technical bibliogra* 
phy. Work fundamental to plant pathology and economic entomology. -Phil¬ 
ippine Agr. 8; 32-37. Ag./S. 1919. 

Mycological and entomological contributions. 

- Hevea versus fungi. GardensBul. Straits Settlement 2; 109-112. Jy. 1919. 

- Mango pests in Singapore. Gardens Bui. Straits Settlement 2; 115-116. 

Jy. 1919. 

Two fungi, Meliola mangiferae, Zimmermanidla tnufora. 

Bakke, Arthur Laurence. The comparative rate of desiccation of tubers from nor¬ 
mal and diseased potato plants. Phytopathology 9; 541-546. D. 1919 [1920]. 
Barre, Henry Walter. Report of the division of botany. South Carolina Agr. Expt. 
Sta, 32d Ann. Rpt. 1918/19; 29-34. 1919. 

Batchelor, Leon Dexter, and Reed, Howard Sprague. Winter injury or dieback of 
the walnut. California Agr. Expt. Sta. Giro. 216, 20 p., illus. 1919. 

Baumann, £. Zur Frage der Individual- und der Immunitdts-ZUchtung bei der 
Kartofifel. Fuhling^s Landw. Ztg. 67; 246-253. Jy. 1018. 

Bayerlsches Landesanstalt filr Pfianzenbau and Pflanzenschuiz, Miinchen. Aufruf 
zur Bekhmpfung der Brandkrankheiten des Getreides. Prakt. Bl. Pfianzen- 
krank. u. Pflanzenschutz n. r. 17; 77-81, illus. Jy./Ag, 1919. 

Boas, Friedrich. Beitr&ge zur Kenntnis des Kartoffelabbaues. Ztschr. Pflanzen- 
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cology of intercBt to patholoffsts. IForeign zeferenoes pablidied einoft Jamiaiy 1, 1017, ham beon ii^ 
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Bredemann, Gustav. Beobachtungen uber Weinschadlinge in Obermesopotamien. 

Zt“'Chr. Pflanzentrank. 29:166-171, illus. 1919. 

Broili, Josef. Zur Feststellung der Ustilago nuda in Embryo der Gerste. Fuhling’s 
Landvr. Ztg. 67: 335-337. S. 1918. 

[Literatur], p. 336-337. 

Bruner, Stephen C. Informe sobre enfermedades del cafeto. Rev. Agr. Com. y 
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- Notas sobre la enfermedad del mosaico de la cafia de azucar. Rev. Agr. 

Com. y Trab. Cuba 2: 532-533, illus. N. 1919. 
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Chapman, George Henry. “Crack-neck:” a non-parasitic disease of chrysanthe¬ 
mums. Phytopathologj” 9: 532-534, pi. 37. N. 1919. 

Cobb, Nathan Augustus. A newly discovered nematode (Aphelenchus cocophilus 
n. sp.) connected with a serious disease of the coconut palm. West Indian Bui. 
17; 208-210, illus. 1919. 

Cotton, Arthur Disbrowe. Entomogenous fungi new to Britain. Trans. Brit. 
IMycol. Soc. 6: 200-203. S. 1919. 

Literature cited, p. 203. 

Empusa aphidis, E. fresenii, E. sphaerosperma. 

Cotton, Arthur Disbrowe. The occurrence of oak mildew on beech in Britain. 

Trans. Brit. Mycol. Soc. 6:198-200. S. 1919. 

Damell-Smith, George Percy. Preliminary investigations on a bacterial disease of 
tobacco. Jour, and Proc. Roy. Soc. N. S. Wales. S2:435-463, pi. 36. 1918. 
Literature cited, p 452-453. 

Probably Bactenvm solanacearum. 

Do6, Fr. La conversion en futaie et Poidium. Rev. Eaux et For. 57; 53-59. Mr. 
1919. 

Durrell, Lawrence W. Tongs for handling disinfected seed. Phytopathology 9: 
581-582, illus. D. 1919 [1920]. 

Ehrenberg, Paul. Zur Frage der Beizung des Winterweizens gegen Steinbrand. 

Fhhling’s Landw. Ztg. 67 : 425-432. D. 1918. 

Emmerez de Chaimoy, D. d’ Report of work of the division of biology. Ann. Rpt. 
Dept. Agr. Colony Mauritius 1918:10-12. 1919. 

Includes phytopathology. • 

Godfrey, George Harold. Sclerotinia riciiu n. sp. parasitic on the castor bean 
(Ricinus communis). Phytopathology 9; 665-667, pi. 40-41. D. 1919 [1920]. 
Gregory, Charles Truman. Heterosporium leafspot of timothy. Phytopathology 
9:576-580, illus. D. 1919 [1920]. 

HeUrhsp&rium phlei n. sp. 

Hartley, Carl, Pierce, Roy GHifford, and Hahn, Glenn Gardner. Moulding of snow- 
smothered nursery stock. Phytopathology 9:621-631. N. 1919. 

Hendrick, James. The use of lime in controlling finger-and-toe in turnips. Trans. 

Highland and Agr. Soc. Scot. V, 30:187-145. 1918. 

Herbert, D. A. Report of botanical and patholospcsd assistant. Aim, Rpt. Dept. 
Agr. W. Anst. 1918/19:27-29. 1919. 

Howard, Walter Lafayette. Circumventing the pear blight. Mo. Bui. Dept. Agr. 
California 8:603-804. 0. 1019. 

Possibility of using the Surprise pear, which is immune to blight, as stock on 
which to grow Bartletts. 
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India- l^ard of Agriculture. Proceedings of 2d meeting of mycological workers in 
India held at Pusa, 1919. 

Jackson, V. W. The control of rust [m Manitoba]. Agr. Gaz Canada 5 : 974-975, 
illus 0.1918. 

Laubert, Richard. Phanologische und pflanzenpathologische Notizen aus dem Jahre 
1919 Gartenflora 68:172-175 Jy. 15, 1919 

- Zur Frage der XJebertragbarkeit der Peronosporaceen (falseher Meltau) 

Mittels der Samen der Wirtspflanze Gaitenflora 68:175-176. Jy. 15, 1919. 
Lee, Henry Atherton, and Yates, Harry S. Pink disease of citrus. Philippine Jour. 
Sci. 14; 657-673, 7 pi (2 col). Je. 1919. 

Bibliographical foot notes. 

CoThcium salmomcolor. 

Link, George Konrad Elarl, and Gardner, Max William, Market pathology and mar¬ 
ket diseases of vegetables. Phytopathology 9; 497-520. N. 1919. 

Literatuie cited, p. 519-520. 

Lopriore, Giuseppo, and Scalia, Giuseppe. L’arrossamento delle foglie del som- 
maceo. Staz Sper. Agr. Ital. 52; 227-237, pi. 5-6. 1919. 

Lavori citati, p. 237. 

Ejooascus purpurascens. 

Luijk, A. von. Fungi van Nederland 1. Nederland. Elruidk. Arch. 1918; 111-144, 
illus. 1919. 

1. De Geoglossaceae van Nederland. 

McCubbin, William A. Common strawberry diseases. Canada Expt. Farms Bui. 
92:35-39, illus. 1919. 

Matz, Julius. Report of the division of plant pathology and botany. Ann. Rpt. 

Insular Expt. Sta Porto Rico 1918/19; 33-36. 1919, 

Melhus, Irving E., and Burrell, Lawrence W. Cereal rust and small grains. Iowa 
. Agr. Expt. Sta. Circ. 62,16 p , illus. 1919. 

Merino, Gonzalo. Bud-rot. Philippine Agr Rev. 12, No. 3; 91-96, pi. 31-34. 1919. 
Moreau, Fernand. Les ur6din6es du groupe Endophyllum. Bui. Soc. Bot. France 
66:14r44, illus. 1919. 

Bibliographical footnotes. 

Mosley, Frederick Omrod. Pests of apple trees. American blight and canker. 

Bui. Dept. Agr. and Hort. TJniv. Col. Reading no. 29, 8 p., illus. [1919?] 
Nowell, William. Red ring diseases of coco-nuts. Agr. News [Barbados] 18; 398. 
D. 13,1919. 

Paper read before Board of agriculture, Trinidad, 0.16,1919. 

- The red ring or “root” diseases of coco-nut palms. West Indian Bui. 17; 

189-202, pi. 1-9. 1919. 

ApheUfichua cocophilus. 
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Smith, Annie Lorrain. New or rare microfungi (eont.). Trans. Brit. Mycol. Soc.‘ 
6:149-157, illus. S. 1919. 
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APPENDIX 


EEPORT OF THE ELE^T:NTH ANNUAL MEETING OF THE AMERICAN 

PHYTOPATHOLOGICAL SOCIETY 

Tiie eleventh annual meeting of the Society was held in Soldan High School, St. 
Louis, Missouii, December 29, 1919, to January 2, 1920, in conjunction with the 
American Association for the Advancement of Science and the Botanical Society 
of America The Society headquarteis were at Marquette Hotel. 

About ninety members were present. One hundred and forty-four new members 
were elected, making the total active membership of the Society five hundred and 
twelve on January 1,1920. 

Forty-nine papers wera presented at the regular sessions. Abstracts of these 
appeared in the January number of Phttopathologt. One session was devoted to 
consideration of the topic “Eradication of Plant Diseases: Is it Practicable, and 
when should it be Attempted?” Certain phases of this question were presented 
Jbriefly by selected speakers, after which there was general discussion. 

Thre^ isssit^s were held jointly with other societies. The first of these was 
held Tuesday afters oon, December 30, with Section G of the American Association 
for the Advancement of Science and the Botanical Society of America. At this 
meeting the address of fhe vice president of Section G was presented, and also 
invitation papers on phylogehy of seed plants. The second session was held Thurs¬ 
day afternoon, January 1, with the Botanical Society of America, for the presen¬ 
tation of papers on mj’cology and plant pathology. The third session was held 
Wednesday afternoon, December 31, with the Botanical Society of America and the 
American Society for Horticultural Science. By invitation this last session was 
held at the Missouri Botanical Garden* A tour of inspection through the Garden 
and luncheon in the laboratorj' building preceded the program of invitation papers. 

The annual dinner of the Society was held Tuesday evening, December 30, at 
the American Hotel Annex, and was attended by one hundred and seven phyto¬ 
pathologists and botanists. The dinner was followed by an extended discussion of 
the proposed Phytopathological Institute. 

The following officers were elected: 

President, Dr. Wm, A. Orton, United States Department of Agriculture, Wash¬ 
ington, D. C. 

Vice president, Dr. E. C. Stakman, University of Minnesota, University Farm, St. 

Paul, Minnesota. 

^ * 

Councilor for two years, Dr. G, H. CJoona, Michigan Agricultural College, East 
Lausing, hlichigan. 

ifemhers of editorial board: Editor elected for two years, Prof. H. S. Jackson, 
Purdue University, Lafayette, Indiana, and editor elected for three years. Dr. G. 
M. Reed, United States Department of Agriculture; associate editors for three years, 
Dr. N. J. Giddings, Univeisity of West Vir^ia, Morgantown, W. Va.; Dr. Neil E. 
Stevens, United States Department of Agriculture, Washington, D. C.; Dr. G. H. 
Coons, Michigan Agricultural College, East Lansing, Mich.; and Dr. Perley Spauld- 
ing, United Stat« Department of Agriculture, Washington, D. 0.; and business 
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manager elected for one year, Dr. G. R. L 3 nnan, United States Department of Agri- 
cultuie, Washington, D. C. 

Member of the Editorial Committee of the Ameriian Journal of Botany for three 
ycais, Dr. C. L. Shear, United States Department of Agiiculture, Washington, 
D. C. 

The Society voted to hold its next annual meeting at Chicago, Ill., in conjunction 
with the Ameiican Association for the Advancement of Scienee, December 27,1920, 
to January 1,1921, inclusive. 

AMENDMENT TO THE CONSTITUTION 

The following amendment to the constitution, which was proposed at the Balti¬ 
more meeting, was adopted: After the w'ords “two years” in the fouith line of the 
second paragraph of Article V there shall be added and one memher elected annually 
by each division, making the paragiaph read: The Council shall consist of the presi¬ 
dent, vice president, secretary-treasurer, the retiring president, and the chairman 
of the Board of Editors of the journal of the Society, with two members elected, one 
each year, who shall serve for a teim of two years, and one member elected annually 
by each division. 


BBPORTS OF COMMITTEES 

The Committee on Ways and Means made no formal report. It recommended, 
however, that its duties be delegated to the Advisory Board and the Committee 
discharged, and on motion this was done. 

The Committee on Standards and Methods reported through its chairman that it 
had held two meetings and that tentative recommendations along certain lines 
would be ready for submission to members of the Society during the year. The 
Committee hopes that these preliminary recommendations will be carefully con¬ 
sidered by the members and that action on them can be taken at the next annual 
meeting. On motion the report was accepted and the committee continued. 

The Committee on Standard Chart for Percentage Estimates of Injury to Diseased 
Plants reported that it finds the chart now in general use by the OflSoe of Cereal 
Pathology, United States Department of Agriculture, best adapted for most phyfo- 
pathological purposes. It therefore brings this chart to the attention of the Society 
and recommends it as worthy of more general use. On motion the report "was 
accepted and the committee discharged. 

The Committee on Continuation of Extension and Investigational Emergency TTorA: 
of the Department of Agriculture reported that it visited Washington after the Balti¬ 
more meeting and interviewed officials of the Department of Agriculture and Mem¬ 
bers of Congress, and that it was found impossible to secure continuation of the 
work desired. On motion the report was accepted and the committee discharged. 

BEPOBT OF THE ADVISOBT BOABD 

The Advisory Board of American Plant Pathologists reported through its chairman, 
Dr. G. R. L 3 unan, on the work of the year. The report showed material progress 
in all lines of activity assigned to the Board by vote of the Society at the Baltimore 
meeting. 

The Advisory Board has been accepted by the National Research Council as its 
Committee on Phytopathology, and the Chairman of the Board is serving as a mem- 
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ber of the executive committee of the Division of Biology and Agiiculturc of the 
Council. Dui ing the year a number of impoitant mattci s were refei red by t ho Coun¬ 
cil to the Board for advice, and this advisoiy function of the Boaid will incicase in 
importance as the work of the Council develops. Thiough the Board the Ameiican 
Phytopathological Society -will be constantly m close touch with the work of tlic 
Council and matters of phytopathological inteiest can be brought immediatcl> to 
the attention of the Council at any time. The Council has also assisted the Boaid 
financially. 

A list of the active phytopathological projects in progress in the country for 1919 
was prepared and distributed by the Board, and it is felt that a fairly general le- 
sponse was made to this the first request for mfoimation of this kind. The list foi 
1920 mil bo prepared m cooperation with the Division of Hesearch Infoimation of 
the Council and should be moie complete and valuable than the list foi 1919. 

Durmg the year three important confeiences of workers weie held. The first 
of these was a conference of pathologists, horticulturists, botanists, and groweis 
interested in problems relating to the gromng, storage, and marketing of sweet 
potatoes, and in the diseases of southern crops, such as cotton, corn, and tomatoes. 
This was called by Prof. H. W. Barre, commissioner for the southern section, and 
held at Birmmgham, Ala., February 26-28,1919, in connection with the annual meet- 
mg of the Association of Southern Agricultural Workers. Forty-six persons, rep¬ 
resenting thirteen States and the United States Department of Agriculture, were in 
attendance. After full discussion of all phases of the general sweet-potato problem 
specific recommendations for future cooperation were adopted, and a committee of 
three, Prof. H. W. Barre, of Clemson College Agricultural Experiment Station, Prof. 
G. C. Starcher, Horticulturist at the Alabama Polytechnic Institute, and R. G. Hill, 
of the Bureau of Markets, United States Department of Agriculture, was appointed 
to assume leadership in this work. During the year material progress was made and 
a second conference will be held in connection with the next meeting of the Associ¬ 
ation of Southern Agricultural Workers in February, 1920. 

The second conference was held at Portland, Oregon, April 23 and 24,1919, under 
the leadership of Prof. H. P. Barsa, Commissioner for the West, on pme-blistor rust. 
This gathering was attended by pathologists, foresters, lumbermen, timber owners, 
quarantine officials, and others inteiested in the preservation of the western uhitc- 
pine industry, and was very important, inasmuch as it was the first occasion on which 
all those interested in western white pine and its preservation from the blister rust 
met for consideration of their common problems. 

The third meeting was a field meeting held on Long Island June 24-28,1919, for 
the consideration of potato diseases, with particular reference to leaf roll and 
mosaic. The purposes of this conference were to get together as many potato path¬ 
ologists as possible in a field meeting where informal discussion would be held; to 
have associated with them in the conference entomologists, agronomists, horticul¬ 
turists, and others interested in the pathological problems of the potato; to secure 
international interest through the attendance of foreign pltmt pathologists; and to 
promote further cooperative work on potato diseases. About one hundred persons 
were in attendance. Ths success of the meeting was due largely to the committee 
on arrangements, consisting of Prof. M. F. Barms, and Messrs. W, A. Orton, E. J. 
Wortley, Paul A. Murphy, and 0. R. Orton. Many special plantings and field tests 
had been arranged in anticipation of the conference. 

. Not only was the meeting of g;reat importance in securing a wider knowledge of 
and interest in jjerlain potato diseases, hut the ociasion was notable because of the 
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presence of five icprcsontatives from foreign countric's. Besides Mi. E. J TToitley, 
Dueotor of Agiiculfurc, Bermuda, and Mr. Paul A Muiphy, Pathologist, Dominion 
of Canada, thice distmguishcd potato pathologists fiom Europe ueic in attendance: 
Dr A D. Cotton, Mycologist of the Boaid of Agiicultuie, England; Dr George H 
Pcthybridge, of the Boaid of Agricultuie, Iieland; and Di. n, M. Quanjer, of the 
Pathological Lahoratoiy, Wageningen, Holland. The presence of these foiejgn 
pathologists, who spent some time m this coimtry following the Long Island meet¬ 
ing, proved a gieat stimulus to all those who weie so foitunate as to meet them 
The Advisory Board hopes to secuie the attendance of other foreign pathologists 
on the occasion of future meetings. 

Duimg the yeai piogicss i\as made on certain cooperative project'?, among the 
most active of which wcie those on potato seed tieatment under the leadeiship ot 
Dr. I E. Melhus, and on potato spraying, under the leadership of Prof G R. Bisby 

^Vmong the other activities of the Advisory Board the most important uas the 
consideration of the proposed Phytopathological Institute. This project was first 
brought to the attention of the Board by resolutions adopted by the cereal pathol¬ 
ogists at St. Louis m June, 1919. The Board has been considering the nature of 
such an institute and learning the sentiment of American plant pathologists, and 
has secured the active interest and cooperation of the National Research Council. 
The matter has now reached the point where it must receive the careful consider¬ 
ation of the American Phytopathological Society. It was discussed at the annual 
dmner of the phytopathologists. 

The Board reports with great regret the resignation of Mr. Paul A. Murphy as 
commissioner for Canada, due to his approaching departure from America to puiaue 
pathological work in Ireland with Doctor Pethyhridge. Mr. Murphy has been a 
most active and valuable member of the Advisory Board and his loss will he felt 
by all American pathologists. 


RBPOET OF THE TREASXJKBR, 1919 

Receipts: 

Balance from 191S. $370.04 

Members duos. 2,356 00 

Eschango. 1.52 

Interest. 23.57 $2,750.13 

Expenditures: 

Member subscriptions transferred to PhttopathoiiOqt. .. $1,178.00 

Clerical assistance. 136.15 

Postage and supplies. 32.30 

Traveling expenses of secretary to annual meeting. *. 11.29 

Printing and stationery. 124.79 

Annual appropriation to PhytopathoIiOgt . 200.00 $1,681.63 

Balance.. $1,068.60 

Balance due sinking fund from 1918. 316.58 

Amount due sinking fund from 1919. 445.00 760.68 

Actual balance.. $808.(^ 


During the year a membership drive, organized by the secretary-treasurer, with 
the eobperation of members of the Society in the various States and in Canada, 
yielded a large measure of success. Eighty-four persons were nominated during 
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tho yoar for memborphip and paid their dues for 1919 and their names were placed 
on the mailing list for Phvtopatholoot. The formal election of these candidates 

necessary at this meeting. In addition sixty others have been proposed for mem¬ 
bership beginning with 1920. This makes a total of one hundred and forty-four 
new members to be elected at this meeting. Sixteen members were suspended this 
year for non-payment of dues, and there were four deaths and two resignations. 
Deducting this loss of twenty-two we have a net gain of one hundred and twenty- 
two, which brings our total membership up to five hundred and twelve. Of this 
total five are full-paid life sustaining members, eighty-two are life sustaining mem¬ 
bers paying currently, and four hundred and twenty-five are regular members. 
Without doubt further large additions can be made to our membership list and each 
member of the Society is urged to continue his efforts to add new names during the 
year 1920. 

FIXANCIAL ST.ATEMEXT OF THE BUSINESS MANAGER OF PHYTOPATHOLOGY, 1919 


Receipts: 

Balance from 1918. $451.99 

Subscriptions and sales. 1,479.86 

Wortley for illustrations in Phytopathology. 15.00 

Appropriation from American Phytopathologioal Society... 200.00 

Gift from M. L. Delafield... ^. 50.00 

Advertising, 1918. 193.28 

Member subscriptions. 1,178.00 

Interest on sinidng fund. 60.00 

Sale of single copy of No. 4, Vol. VIII. .85 $3,628 97 

Expendiiu7es: 

Manufacture of journal: 

No. 10, Vol. Vni.$259.16 

No. 11, Vol. Vm. 169.73 

No. 12, Vol. VIII. 321.10 

No. 1, Vol. IX. 314.78 

No. 2, Vol. IX. 375.91 

No. 3, Vol. IX. 240.05 

No. 4, Vol. IX. 193.26 

No. 5, VoL IX. 202.46 

No. 6, Vol. IX. 327.18 

No. 7,VoLIX. 221.57 

No. S, Vol. IX... 241.31 $2,866.60 

Miscellaneous bills, Williams & Wilkins Co. 173.78 

Insurance... 5.40 

Clerical work. 41.17 $3,076.85 

Balance.*,. $662.12 


During 1918 a volume of 627 pages was issued. During 1919, notwithstanding 
an increase of approximately 29 per cent in coat of printing, a volume of 687 pages 
was issued. We face a still further increase of about 22 per cent in cost of producing 
Phytopatholoqt in. 1920, which necessitates a further and considerable reduction 
in the number of pages for Volume X. He rapidly increasing cost of manufacturing 
the journal must receive the very careful consideration of the Council. 
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An auditing committee, consistmg of C. W. Edgeiton and F. D, Fromme, was 
appointed to examme the accounts of the treasurer and business manager. This 
committee reported the accoimts correct and the reports were adopted. 

REBOLXITIONS 

A Committee on Resolutions regardmg deceased members was appointed by the 
piesident. This committee, consistmg of Donald Reddick and E. A. Bessey, offered 
the followmg resolution, which was unanimously adopted by a rising vote; “Within 
the past year there have passed from among us the followmg members of our Society: 
Samuel M. Bam, A. T. Bell, William Gilson Farlow, and Kenneth B Laird. The 
Society assembled in annual convention places on record its sincere regret at the 
passmg of these faithful and earnest colleagues, and with sorrow inscribes on its 
minutes this expression of its esteem for associates removed from our midst.” 

MISCSIiLANEOtrS BUSINESS 

The secretary’s report of the tenth annual meeting, at Baltimore, as published 
in No. 4, Volume IX of PhytopathoIiOgy, was adopted without correction. 

The Society voted to appropriate from any of its available funds the sum of two 
hundred dollars for the use of Phttopathobogt in 1920. 

On recommendation of the Coimcil it was voted that two members at large be 
added to the Advisory Board of American Plant Pathologists, and it was also rec¬ 
ommended that the Advisory Board organize with an executive sub-committee to 
facilitate more frequent meetings for consideration of important business, espe¬ 
cially that relating to the activities of the National Research Council. 

It was voted unanimously that the American Phytopathological Society endorse 
most heartily the action of Section G in recommendmg to the American Association 
for the Advancement of Science the continued financial support of Botanical Ab¬ 
stracts. 

By vote of the Society the secretary was requested to add to future nomination 
blanks space for the nomination of representatives of the American Phytopatholog¬ 
ical Society on the Board of Control of Botanical Abstracts. 

The consideration of the establishment of a Phytopathological Institute, begun 
at the Phytopathologists’ dinner, was continued by the Society, and, after dis¬ 
cussion, the following resolutions, passed at the dinner, were unanimously adopted: 

‘‘Resolved, That the time has come when the importance of the work of phyto¬ 
pathologists fully justifies the establishment of a Phytopathological Institute—an 
Institute for the promotion of fundamental research in the broader field of phyto¬ 
pathology and for the stimulation of suoh research in educational and research 
institutions and among the members of the phytopathological profession both in 
this country and abroad. 

“Resolved, That the American Phytopathological Society authorize the Execu¬ 
tive Coimcil, in conjunction with the Advisory Board of this Society, to proceed 
with full power by the appointment of special committees and such other pro¬ 
cedure as may be necessary to the realization of the establishment of a Phytopath¬ 
ological Institute.” 

During the discussion followmg the session devoted to the consideration of the 
topic Eradication of Plant Diseases the following resolutions were adopted. 
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^‘Risolied, That the Advisory Boaid foster vigorously eradication as a means of 
disease contiol by brmgmg together for mutual consideration all inteiestcd parties 
as glowers, tiansportation companies, merchants, consumers, farmers, and public 
officials 

“Resolved, That the Society believes that this movement can best be served by 
a more active and better supported plant disease survey of the United States De- 
paitment of Agiiculture m cooperation with the States.” 

The serious congestion of the program, due to the large number of papers pre¬ 
sented, was discussed. While this condition was recognized as a sign of healthy 
growth and activity, some measure of relief is necessaiy. On motion the mattei 
vas referred to the Coimcil for action. 

It was unanimously voted— 

‘‘That the Society heartily approves the effoits of the Advisory Boaid to promote 
and correlate cooperative experimental work; that the members of the Society pledge 
themselves actively and vigorously to prosecute the projects now under way inso¬ 
far as time and funds permit; that the Society urge that the Board canvass the mem¬ 
bership to aseertam which other lines of work should be inaugurated and pursued 
coopeiatively; that it is the sense of the meetmg that cooperation on potato seed 
certification, spraying, and dusting fruits, and other similar problems be organized 
immediately.” 

On motion the Chair appointed G. R. Lyman, Donald Reddick, and C. L. Shear 
a committee to codify the working rules of the Society and to revise the constitution 
m accoidance therewith, the revision to be submitted to the Society for adoption 
at the next annual meeting. 

The following resolution was unanimously adopted: 

‘ ‘The American Phytopathological Society, assembled in annual meeting at St, 
Loui'? on January 2,1920, by unanimous vote desires to extend to the Society of Eco¬ 
nomic Entomologi'^ts and to Mr. E. D. Ball in particular an appreciation of the 
progress made in the investigation of leaf-hopper injury to potato, and further de- 
^ sires to express regret that through inadvertence in arrangements we as a body 
failed to hear the discussion of the Entomologists on this subject.” 

The Secretary was requested to send a telegram of greetings to Dr. Wm. A Orton, 
president-elect of the Society, who was unable to attend the meeting. He was also 
reque.'sted to convey the appreciation of the Society to the manager of the Mar¬ 
quette Hotel, to the local committee on arrangements, and to the Missouri Botanical 
Garden and others for the accommodations provided for the Society and the many 
courtesies extended during the meeting, 

ACnON OF THE COUKCII. 

The Council reported the following action for the information of members of the 
Society: 

Phytopathology. The rapidly increasing cost of manufacturing Phytopath- 
oiiOGY presents a problem of grave importance. A careful estimate of the resources 
of the journal for the year 1920 indicates that it will probably be possible to issue 
a volume of approximately 460 pages, notwithstanding the* increased printing 
charges. In view of this fact the Council does not think it expedient to take steps 
at this time to raise membership dues. Moreover there is hope of finauftmi assist- 
aa<^ through the Division of Biology and Agriculture of the National Research Coun¬ 
cil, as this Divii^on is endeavoring to assist biological publications. The interests 
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of Phttopathoik 3GY •will coatinue to receive careful attention on the part of the 
Council, ■with a view to taking such action as future circumstances may render 
advisable. 

Because of the rapidly decreasing stock of back volumes of Phytopathology 
the price of such volumes was raised from five to six dollars, and the price for single 
numbers, when such can be sold without breakmg a complete volume, was raised 
to one dollar where there were six issues per volume, and was fixed at 50 cents where 
there are twelve issues per volume. 

Advisory Board. The Council selected Prof. A. H. Reginald Buller, of the Uni¬ 
versity of Manitoba, to succeed Mr. Paul A. Murphy as commissioner for Canada. 
Prof. H. P. Barss and Prof. H. W. Barre were reappomted to succeed themselves as 
commissioners for the West and the South, respectively. The Council selected Dr. 
L. R. Jones and Dr. E. M. Freeman as commissioners at large. 

Phytoyathological Institute. In con jimetion with the Advisory Board the Council 
considered further steps looking to the establishment of a Phytopathological Insti¬ 
tute. Dr. E. M. Freeman was selected as leader in securing fimds. All members 
of the Society are requested to consider themselves as members of this finance com¬ 
mittee and to send Doctor Freeman suggestions as to sources of financial support 
or regarding the nature and work of such an institute. 

Program of the annual meeting. In accordance "with the vote of the Society the 
Council considered the problem of relie-mg the congestion of the annual program. 
It was not deemed expedient to extend the length of the session beyond four days, 
nor was it considered advisable at this time to run simultaneous '^sessions. The 
secretary of the Society was requested to send out the call for titles and abstracts 
in the future in time to permit the printing and distribution of the abstracts, to¬ 
gether with the program, in advance of the annual meeting. It was suggested that 
the titles be grouped as far as possible according to the subject matter, one subject 
or group of subjects being assigned to each session. If the abstracts are prepared 
with sufficient care it was thought that in the future the entire time of the session 
can be devoted to discussion. The Advisory Board was requested to assist the sec¬ 
retary in working out the details of the program in accordance with these suggestions. 


[Phytopathology for March (10:119-184) was issued March 12,1920.] 
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OBSERVATIONS ON SOME COMMON AND IMPORTANT 
DISEASES OF THE RHODODENDRON^ 

HbnbY Schmitz 
With Platb XI 

The purpose of the present paper is to briefly discuss some of the 
eommon and more important diseases of the native and cultivated Rho¬ 
dodendrons of the Pacific Coast. It is fuUy appreciated that some of the 
diseases here discussed have been described in other connections, and 
their presence on Rhododendron reported, but their relations to this host 
seem to have been little investigated. It must be understood that the 
treatment which follows does not attempt to be exhaustive in detail, 
but the work was undertaken with the idea of bringing together in one 
place the important diseases of this shrub on the Pacific Coast. 

AETIFICIAL INOCUIATIONS 

The general texture of the Rhododendron leaf is very tough, so that 
great difficulty was at first experienced in keeping the spores moist long 
enough to insure germination and the proper establishment of the myce¬ 
lium. To overcome this difficulty, glass rings were sealed to the leaf 
with a mixture of one part of paraffin and three parts of beeswax. The 
spores in water were then placed within and a cover glass sealed onto 
the ring. This kept the spores under excellent conditions for germination. 

With some fungi, such as Sporocybe, spores were formed in artificial 
culture only after long periods of time, while in other instances, as Cryp- 
tostictis, the mycelium failed to produce spores imder the various con¬ 
ditions of temperature maintained, even after a year’s growth. This 

* The writer wishes to express his indebtedness to Dr. J. W. Hotson of the Univer¬ 
sity of Washington, under whom the work was done, for his kind suggestions and 
helpful criticisms; to Prof. Boland Thaxter for assistance in the determination of 
some of the fimgi; and to the Missouri Botanical Garden for the privileges of the 
herbarium. 
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made it necessary in some of the artificial inoculation experiments to 
take the spores directly from the bud or leaf as the case might be. This 
method is not in strict accord with common practice in artificial inocu¬ 
lation experiments, but there is sufficient evidence that the causal agent 
was the particular fungus in question. 

In all eases cultures were again made from the artificially inoculated 
area and the fungus therein reobtained and compared with the original 
fungus. 

SPOROCTBE AZALEA® (PK.) SACO. 

Sporocybe azaleae produces a “bud rot” disease of Rhododendron. 
Plants affected by the disease are easily recognized at all times of the 
year, the brown, dead buds bemg very conspicuous in contrast with the 
whorl of green leaves which surrounds them. Examination of the dis¬ 
eased bud shows the fruiting bodies of the fungus protruding in all 
directions. 

In the early stages of infection, the bud scales become only slightly 
browned; later they become dark brown, and still later the fruiting bodies 
appear. The fungus may also work down the stem, killing the bark and 
the cambium. Plate XI, figures 6 and 10, illustrate the appearance of 
this disease on the buds, branches, and pods. 

Buds artificially inoculated with spores of Sporocybe azaleae in May 
produced fruiting bodies of the fungus by September. Spores of the 
fungus were shaken down between the bud scales with little or no injury 
to the bud. The buds so infected did not open but were killed by the 
fungus, while buds slightly injured in a similar manner and not inoculated 
opened normally. 

Bud rot is perhaps the most serious disease of the native Rhododendron 
californieumf and is yearly becoming more prevalent on the cultivated 
varieties. Spraying will probably not serve to control it on the cultivated 
varieties, owing to the deep-seated nature of the disease in the buds, 
and it is suggested that the buds be cut out and burned as they become 
infected. 


MELAMPSOROPSIS FIPERIAHA ARTHUR 

Mehanpaoropsis piperiana, or “Rhododendron rust,” is found in great 
abundance on the leaves of Rhododmdron (xMfornicum, It has not been 
found by the writer on the cultivated varieties. 

Melampsorop^ produces numerous small, reddish-yellow pustules on 
the lower surface of the leaves. These may at times be so numerous that 
they run together, forming a large blotch. Yesry often the margin is the 
only portion of the leaf affected, forming a reddish-yellow line com^ 
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pletely around the leaf, about one-half centimeter from the edge. The 
effects of the rust are quite conspicuous, apd the disease is easily dis¬ 
tinguished from the other diseases of the Rhododendron by the yellowish 
spores. 

Two large spore crops seem to be produced each season in this region. 
During the latter part of April (1915) a great number of leaves were 
found to be affected and spores were very abundant. By September of 
the same year only an occasional spore-bearing leaf was found. Late 
in November, however, great numbers of spores were foimd in the same 
locahty. This periodic formation of spores may, of course, be entirely 
dependent upon weather conditions. 

As has been said, the rust was not found on Rhododendrons under 
cultivation, but there is no reason why it might not occur on a cultivated 
plant. If it should occur, spraying with Bordeaux mixture in April would 
no doubt be helpful. 

Plate XI, figure 1, shows the characteristic appearance of leaves affected 
with Melampsoropsis piperiana, 

witches’ brooms 

Conspicuous brooms are common on the native Rhododendron. They 
may reach considerable size and attain great age. 

The exact cause of the broom has not been determined. Cultures made 
from portions of the branches of the brooms in numerous cases produced 
a mycelium very much resembling that of Sporocyhe azakae. The myce¬ 
lium did not produce spores and therefore could not be identified. 

Whether Sporocybe azaleae, Melampsoropsis pipenana, or some other 
fungus or insect causes these brooms is a point to be cleared up by future 
investigations. 

The general appearance of the brooms is shown in plate XI, figure 3. 


WHITE LEAF 

By “white leaf” a peculiar leaf condition is referred to in which a leaf 
or cluster of leaves may be partially or entirely devoid of chlorophyll. 
This condition is quite common in the case of Rhododendron caUfomicum, 
There is no evidence of any fungus or other injury of any kind on such 
leaves. 

Very often, although not always, this condition is found in connection 
with “witches' brooms.” The trouble may be non-parasitio or it may 
be due to the action of a fungus lower down on the stem or in the roots. 
If the latter condition is the cause, it is somewhat analogous to the “white 
spot” condition occurring on alfalfa. 
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LOPHODBBMIXJM RHODODENDRI CES. 

Lophodermium rhododendri Ces. is reported as causing a leaf disease 
of Rhododendron both in Europe and in the United States. It is com¬ 
mon on Rhododendron califomicum on the Pacific Coast. 

The fungus produces small, boat-shaped perithecia on the upper surface 
of the leaves. The deadened portions of the leaves usually have an 
irregular rna-rldTig encircling from three to seven of the fruiting bodies. 
This condition is shown in plate XI, figure 4. 

As a rule, the fungus is found on leaves entirely dead and lying on the 
ground. Whether the fungus originally killed the leaves or whether the 
defoliation was due to other causes, is not known. In several cases living 
leaves with only small dead areas were found. Lophodermium rhododendri 
was the only fungus observed on the dead areas. This would suggest that 
the fungus mentioned may be the parasite involved. 

Owing to the imperfect condition of the material, no pure cultures of 
Lophodermium were obtained. 

COCOMYCES DENTATUS (kEZ. ET SCHM.) SACC. 

The exact species of Coccomyces here involved is questionable, but is 
provisonally referred to Coccomyces dentatus (Kez, et Schm.) SAcc. It is 
very abundant both on the leaves and twigs of the native Rhododendron. 

The effects of the fungus on the leaf are similar in appearance to those 
produced by Lophodermium rhododendri, except that in this case the 
perithecia are more or less star-shaped. 

Fruiting bodies were never found except on dead leaves, and it is still 
a question whether or not Coccomyces is the killing agent. The fungus 
is, however, found on living stems and se^s'eventually to Idll the twigs. 

Very good material.of the fungus was not found. numerous 

attempts were made, no pure cultures were obtained and satisfactory 
inoculation experiments were therefore precluded. The general appear¬ 
ance of leav^ and twigs affected by this fungus is shown in plate XI, 
figures 2 and 9. 


COETNEXJM RHODODENDRI S. 

This species of Coryneum was found quite prevalent on the leaves of 
cultivated varieties of Rhododendron. The fungus causes irregular dead 
areas on the leaves. Very often a dead stacip entirely around the leaf 
may be foimd. There is also some evidence’that it grows on the portions 
of the leaves killed by aphids. Leaves slightly injured with a hot needle 
and inoculated with spores of the fungus produced the typical disease 
and spores after two and one-half months’ growth under greenhouse 
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conditions. The controls showed no further changes than the small 
deadened areas due to the hot needle punctures. 

Plate XI, figure 8, shows the general appearance of leaves infected with 
Coryneum rhodod&ndri. 

SPHAERBLDA RHODODENDRI CKB. 

This fungus is found veiy commonly on the leaves of both the native 
and cultivated varieties of Rhododendron. 

The dead areas have a deep reddish-brown to brown color. The upper 
surface is slightly roughened, due to the presence of numerous minute 
perithecia. Very often the dead area includes the tip half of the leaf 
(plate XI, fig. 5). 

No cultures were obtained from the leaves that could be definitely 
identified as Sphaerella, hence artificial inoculations were made by placing 
small portions of infected leaves in contact with slightly injured leaves, 
but in no case did infection result. 

In the opinion of the writer, the species of Sphaerella here in question 
is not parasitic on Rhododendron, but se«ns to appear on the leaves 
only after they have been partly or entirely killed by summer or winter 
desiccation. In its natural habitat, the Rhododendron often suffers from 
lack of water, and dead areas appear on the leaf which may in every way 
be identical to those on which Sphaerella is foimd, except that the fui^us 
is lacking. 

PESTALOZZIA GUEPINI DESM. 

The Pestalozzia disease of Rhododendron was found only on plants 
under cultivation. The deadened areas of the leaves affected by the 
fungus are usually small and are more or less gray m color. The fungus 
is often found on leaves after they have suffered from the activities of a 
amah aphid that is quite common in the early spring. The young leaves 
are affected. Small deadened areas appear, which later enlarge because 
of infection by Pestalozzia. Plate XI, figure 7, shows the general appear¬ 
ance of the leaves after they have been attacked by the aphid and in the 
various stages of secondary infection with Pestalozzia. 

The usual methods of artificial inoculation were employed and positive 
evidence was obtained showing that this species of Pestalozzia is parasitic 
in nature. 

CRTPTOSTICnS SP. 

By this name I refer to a disease found commonly both on the native 
and cultivated forms of Rhododendron. The area of the leaf killed by 
this fungus is usually circular or partly so in shape. The concentric rows 
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of fruiting bodies produced by the fungus are plainly visible, and it is by 
means of these concentric rings of spore pustules that this disease may 
be easily distinguished from the other leaf diseases here discussed. 

The spores have somewhat the shape and general appearance of spores 
of Corynemn, and may be mistaken for that form in a hasty observation. 
They have, however, a characteristic appendage. 

In artificial cultures at first a dense, downy mycelium was formed, 
which later shrank to quite limited dimensions. Spores were not pro¬ 
duced on the t3q>es of nutrient media used nor under the conditions of 
growth maintained. For this reason, the spores for the artificial inocu¬ 
lations were taken directly from a diseased leaf. These inoculations 
showed the fungus to be parasitic in nature, and concentric rings of spore 
pustules were produced some three months after the inoculations were 
made. The controls showed no further change than the small deadened 
areas due to the punctures of the hot needle. 

Laboratory op Forest Pathology, 

School op Forestry 
Uniyersity op Idaho 


PLATE XI 

Fig. 1. Melampsoropsis jnpenana Arthur. Characteristic appearance of infected 
leaves. 

Fig. 2. Coecomyces dentatus (Kez. et Sohm.) Saco, The dark, star-shaped 
perithecia are common both on the leaves and twigs. 

Fig, 3. Witches’ broom. A comparatively small dense broom. 

Fig. 4. Lophodermium rhododendri Ces. Numerous fruiting bodies of the 
fungus are evident on the upper surface of the leaf. ' 

Fto. 5. Sphaerella rkododetidri Cke. It is quite probable that Sphaerella rhodo¬ 
dendri is saprophytic on the dead areas of the leaves. 

Fia. 6. Sporoeybe amUae (Pk.) Sacc. The fungus kills the branches as well as 
the buds. Bzanch infection usually results from bud infection as here shown. 

Fig. 7. Pestalozzia guzpini. Desm. A typical Peetalozzia infection. The in¬ 
fected areas may, however, increase m size until the entire leaf is killed. 

Fig, 8. Corynmm rhododendri S. The infection is usually more or less confined 
to the periphery of the leaf. 

Fig. 9. Coccomyees dentetw (Kez. et Schm.) Saco. Ihe fruiting bodies appear 
as small spots on ihe light-oolored areas of the leaf. 

Fig. 10. Sporoeybe asolene (Pk.) Sacc. An infected seed pod. 
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In the year 1916 report^ was made of successful infections of Pinm 
radiata as a result of direct inoculation with aeciospores of Peridermium 
Mrknessii Moore from Pirns radiata. Owing to totally inadequate labor¬ 
atory and greenhouse conditions, the experiments at that time had been 
confined to two plants with two control plants. One inoculated plant 
died; on the other, seven inoculations were made, of which five produced 
typical galls and aecia. 

It was concluded that, if Peridermium harJenessii Moore was indentical 
with Peridermium cerelrum Peck [Crmatrium cerebrum (Peck) Hedge, 
and Long], field observations as well as inoculation results made it appear 
that in Cahfomia, at least within the range of the old Peridermium hark- 
nessii, the aecial form on one side and the uredinial and telial on the other 
must be highly independent of each other, and that the heteroecism of 
the fungus is facultative. 

The revolutionary character of the result of the inoculations made it 
imperative that the experiments be repeated on a laig^ scale, in ordffl: 
* to put the facts themselves beyond the reach of criticism, before an inter¬ 
pretation of the phenomenon in the light of prevailing theories could be 
attempted. 

I Meineoke, E. P. Peridemiium harknessii and Cronartium queroaum. Phyto¬ 
pathology, 6: 225--240,2 fig. Je. 1916. 
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At the time of publication all endeavors to connect the so-called Pm- 
dermiwn harknessn with Peridermium cerebrum had failed. Since then, 
Hedgcock® has succeeded in producing uredinia and telia on Quercus 
velutina with aeciospores from Pinus radiata, thereby indicating the 
identity of the coast form with Peridermium cerebrum Peck. Still it must 
be noted that to the present day no pycnia have been found on the 
thousands of the coast galls examined, and that the many inoculation 
experiments with aeciospores on Quercus agrifolia and Q. cahfomica, as 
well as with teliospores on Pinus radiata, have failed to produce results. 
Quercus agrifolia is very commonly associated with Pinus radicda and 
often harbors the uredinia and telia of what is called Cronartium quercuum. 
While the failure to infect the alternate host may possibly be due to a 
series of unfavorable circumstances, the absence of pycnia is distinctly 
surprising. Neither do they appear in nature, nor can they be coaxed 
into development in vitro. 

The old Peridermium harknessii Moore included not only the coast 
form, now identified with Peridermium cerebrum, on Pinus radiaia and 
other pmes, but also a gall-producing Peridermium on mountain pines, 
Pinus sahiniana, P, ponderosa, P, jeffreyi, and P. contorta. Pinus 
radiata occurs in abundance on the coast at Monterey. Pirnts sahiniana 
inhabits the lower fringe of dry foothills, while Pinus ponderosa sets in 
from about 1500 feet and extends to about 6000 feet elevation, Pinus 
jeffreyi becomes abundant from about 5000 feet on, reaches its optimum 
at 6000 to 6500 feet, and ranges to over 9000 feet. Pinus contorta in the 
central Sierra Nevada grows at an altitude of 6000 to 10,000 feet. 

The first mention of Peridermium harknessii Moore is made by H. W. 
Hai’kness in 1880® as follows: “Peridermium harknessii n, sp. Moore. On 
Pinus ponderosa, Colfax.” Together with this we find: “Peridermium 
pini Pr. On Pinus insignis. San Prancisco.” In 1880 Peridermium 
pini, a European form on Pinus silvestris, was still considered to embrace 
a stem-mhabiting form {Peridermium pini corticoh) and a needle-inhabit¬ 
ing form {Peridermium pini adcola). It may be assumed that Harkness, 
finding a Peridermium on the stems and Peridermium calif omicum on the 
needles, associated on Pinus radiata (P. insignis), followed the error of 
contemporaneous European authors and considered both as Peridermium 
pini. 

^Bhoads, A, S., Hedgcock, G. G., Bethel, Ellsworth, and Hartley, Carl. Host 
relationships of the North Amerioan rusts, other than Gynmosporaiigiums, which 
attack conifers# Phytopathology, 8; 309-3^. Jy. 1918. Literature cited, p. 346- 
852. 

»Harkness, H. W., and Moore, Justin P. Catalogue of the Pacific Coast fun^. 
!Read before the California Academy of Sciences, Eeb. 2, 1880. p. 27. [San Eran- 
oisoo, 1880.1 
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Four years later Harkness^ dropped Feridermium pint and retained 
only Peridennium harknessii. He writes (p. 37): ‘^Feridermium harh- 
nessii Moore. Spermogones unknown. Protospores: Peridia aggregate, 
irregular, encircling the stem; spores irregular, very finely echinulate, 
orange, becoming white, /z. 35-40. On stems and branches of Finns 
insignis, F. ponderosa and P. sabiniana. Appearing as annular swellings, 
often two feet in circumference upon the trunks and branches. In the 
Sierra Nevada, below the height of 4000 feet and in the Coast Range. 
Particularly abundant at Monterey. The different species of Perider- 
min m of the pine seem to be doubtfully distinct. H. W. H.” 

Harkness' type specimens in the California Academy of Sciences were 
partly rescued from destmction in the conflagration of San Francisco in 
1906. We find under no. 2698 (subnumber 449) the bottom of a Rmall 
pill box with the subnumber 449 (1). The box evidently contained the 
specimen of which no traces are left. A note in what appears to be 
Harkness’ handwriting reads: “Peridennium found on pine trees near 
the town of Colfax April 26, ’76,—on Firms ponderosa on hillside in rear 
of the Station. Feridermium harknessii” Colfax lies in the foothills on 
the California side of the Sierra Nevada at an elevation of 2400 feet. 
The missing specimen must then be considered as the type specimen, 
collected on Finns ponderosa at Colfax, Cal. 

While the t 3 T)e specimen itself has disappeared, there exists a duplicate 
in the EUis Collection of the New York Botanical Garden. This speci¬ 
men is very well preserved and consists of a piece of a branch lengthwise 
cut in two and glued onto a label with the following legend in Dr. Ellis’ 
handwriting: “Feridermium harknessii Moore on Finns ponderosa, Colfax, 
Calif. Dr. H. W. Harkness (28).’’ The specimen shows two distinct 
galls, a larger and a smaller one, which cannot be distinguished from the 
common form on the piaes of the Sierrra Nevada, There cannot be any 
doubt that Dr. Ellis received this specimen from Harkness and that 
Harkness himself considered it typical for Feridermium harknessii Moore 
and that the specimen was collected at the t 3 rpe locality. 

It is clear that Harkness was not familiar with the gall form on Finns 
contorta or Finns jeffreyi, both of which occur above 4000 feet elevation, 
and that his Feridermium harknessii (Moore never published on the 
species) originally referred to the gall form on pines on the lower slopes 
of the Sierra Nevada. It was only later that he extended this designation 
to the gall form on Finns radiata. 

The galls on the coast pines and those on the Sierra pines are, at first 
glance, so much alike that they have long bear regarded as identical, all 

* Harkness, H. W. New species of Californian fungi Bui. California Acad. Sci., 
No. 1:29-47. 1884. 
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the more so since the only Cronartimn associated with the High Sierra 
form had already been connected with Peridermium filarnentosum. We 
know now® that this Cronartium in reality represents two different forms, 
one going to the gaU form, the other to Peridermium fihmentosum (syn. 
P. stalactiforme Arth. and Kern), both on Pinus contorta, P. ponderosa, 
and P. jeffreyi. The latter Peridermium is the aecial stage of Cronartium 
filamenfosum (Peck) Hedge, and Long. There appears no reason why 
the former should not be called Cronartium harhnessii nov. comb. 

There is still a great deal of confusion with regard to these last two 
forms, owing to the fact that both produce apparently identical uredinia 
and telia on scrophulariaceous hosts. Weir and Hubert® in the same 
paper report experiments with ‘"Cremartium coleosporioides (D. and H.) 
Arth. (P. stalactiforme type),” with ^‘Cronartium coleosporioides (typical 
gall form),” and with “Cronartium coleosporioides (typical blister type).” 
Presumably the “typical gall form” refers to Cronartium sp.? of Rhoads, 
Hedgcock, Bethel, and Hartley,’ that is, Cronartium harknessii. The 
“Peridermium stalactiforme type” is undoubtedly Peridermium filamer^ 
tosum (Peck) Hedge, and Long. It is less easy to place the “typical 
blister type,” unless here also the P. staladiforme type (P. filammtosum) 
is meant. 

At the present time Peridermium filamerUosum and P. stalactiforme 
are »considered identical. Certain striking morphological differences 
may have a deeper meaning. On Pinus contorta the infection of the stem 
often tak^ place through small twigs and spreads very evenly up and 
down the trunk much faster than mdeways. The result is a very neat 
elongated diamond. This form of development does not seem to occur 
on Pinus ponderosa or P, jeffreyi, at least not in the Pacific Coast moim- 
tains. The aecia on Pinus ponderosa often appear in the shape of very 
conspicuous long cylinders with an unusually tough peridium. This 
form seems to be unknown on Pinus contorta. It is not impossible that 
the present term Peridermium filamentosum covers two different species, 
both of which go to Castilleia and related forms and there produce 
uredinia and telia which are indistinguishable from each other and from 
those of P. karlcnessii. In that the Castilleia group would harbor 

* Rhoads, A. S., Hedgcock, G. G., Bethel, EUaworth, and Hartley, Carl. Op. 
oit., p. 317. 

Weir, J. "SL, and Hubert, E. E. A serious disease in forest nurseries caused by 
Peridermium fflamentosum. Jour, Agr. Research, fi; 781-786, Ja. 24,1916. 

These results have recently been confirmed by the author of this paper. 

< Weir, J. R., and Hubert, B. E, Recent cultures of forest tree rusts. " Phyto- 
pathotogy, 7: 106-109. Ap. 1917. 

» Op. eit., p. 317. 
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thiee uredima and telia which can onl> be sepaiated bj cultural studies 
Expeliments are on the way to clear up this point 
We have then, two gall-forming Pendermia on pines on the Pacific 
Coast one enoneously called Pendetimiim harlnesm Moore now Perv- 



Fig 1 MATUBii Gall of Pekidbbmium cbeebbtjm Peck on Pines 

BADIATA 

The aecia break forth m the ciacks between the bark scales (Natural size ) 
Fig 2 Mature G4ll of Pbbii>ebwium HABKNESsn Moobe on Pinus 

FONBUBOSA 

Note the collar and the large, naked, spore covered surfaces resultmg from the 
peeling off of large pathological bark scales C^atural size ) 

dennvum cerebrum Peck (fig 1), on Pvnm radiata, P aUenuata, and P. 
muncataf and another on Pinus sabimana, P ponderoaa, P jeffreyi, P. 
eontorta, and perhaps P aUenuaia, represaitmg the true Pertdermiwn 
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harknessii Moore (fig. 2), The latter form is still thought by Weir and 
Hubert® to be identical with Pendermium filamentosum (Peck) Hedge, 
and long. The same authors® consider the various caulicolous forms of 
rusts occurring on Pinus contorta and P. ponderosa in the Rocky Moim- 
tain region as the aecial stages of Cronartium coleosporioides, and believe 
it “not only possible but probable that the same forms on Pinus contorta 
and P. ponderosa as known elsewhere in the western United States belong 
here also.” Rhoads, Hedgcock, Bethel, and HunU® are imdoubtedly 
right in refusing to accept this view. There are vast repons in the Sierra 
Nevada where Pinus contorta, P. ponderosa, or P. jeffreyi are affected 
either with the gall-forming rust or with the form producing no or incon¬ 
spicuous swellings, to the absolute exclusion of the other. If both were 
identical, surely one would expect to find the forms intermingled. 

In the early stages the galls of Peridermium cereirum as found on Pinus 
radiata and other coast pines are diflScult to distinguish from those of 
Peridermium harknessii on Pinus contorta, P. jeffreyi, P. ponderosa, and 
P. sabiniana. Later, even before the appearance of the aecia, the galls 
of P. harknessii become rough, and the bark breaks open, the cracks 
showing plates of young, corky tissue of a chestnut-brown color, while 
the galls of P. cerebrum generally remain smooth for a while, even after 
the formation of aecia has begun. The aecia of the latter are compara¬ 
tively small, and appear singly and irregularly scattered, later becoming 
more or less confluent. Relatively small pathological bark scales keep 
pace with the growth of the gall and the development of the aecia. The 
aecia of P. harknessii, on the other hand, are much larger and become 
confluent to such an extent that they often form very large spore-pro¬ 
ducing surfaces. The pathological bark scales are large and come off 
easily, leaving wide, smooth spore-covered areas exposed. These patho¬ 
logical bark scales fin a ll y reach to the cambium and make further forma¬ 
tion of aecia on those areas impossible. The scales break away and the 
smooth, naked, hypertrophied wood of the gall appears. Another char¬ 
acteristic of the P, harknessii gall is the formation of a collar of dead 
bark standing out from the upper and lower end of the gall. This collar 
as a rule is absent in P. cerebrum, as are also in general the large bark 
scales and the wide areas of exposed surfaces. The peridium of P. cere¬ 
brum is rather delicate and ruptures irregularly, while the circumscissile 
peridium of P, harknessii often persists in the form of broader flakes. 
In general, the galls of Peridermium cerebrum are sphaeroid to pear-shaped 

•Op.cit., 1916, p.783. 

»Op. cit., 1917, p. 107. 

« Op. cit., p. 317. 
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in their youth and later become more and more spherical, while those of 
Peridermium harhnessii show less of a tendency to become truly spherical 
but remain more pear-shaped, well set off below against the branch of the 
host and tapering to the upper end. •There are, however, many exceptions 
to this rule. 

About 30 to 50 per cent of the galls both of Peridermium cerehrum and 
of P. harhnessii are accompanied by witches’-brooms. 

On the basis of the descriptions given above it is possible to distinguish 
mature galls of Peridermium cerebrum on the coast pines and of P. harh¬ 
nessii on the mountain pines. 

Harkness’ specimen in the Ellis Collection of the New York Botanical 
Garden answers in every detail the description given here for Perider¬ 
mium harhnessii. The collar is very pronounced in both galls, sharply 
setting off above and below the large and smooth spore-producing surfaces. 
In the rich collections of the San Francisco laboratory of Forest Pathology, 
both forms could be segregated without much difficulty. AU galls of 
Pinus cordarta, P. jeffreyi, P. ponderosa, and P. saMniana were typically 
of the Peridermium harhnessii type. AU mature galls on Pinus radiata 
showed the characters of P. cerebrum. Of five specimens of galls on Pinus 
attenuata, however, three plainly belonged to the P. cerebrum type while 
two approached the P. harhnessii type. Pinus aUenuata has a range 
extending from the ocean shore to over 5000 feet in the Sierra Nevada, 
that is, from the range of Peridermium cerebrum weU into the range of 
Peridermium harhnessii. It may weU be that this pine is susceptible to 
both forms. The presence of uredinia (JJredo coleosporioides Diet, and 
Holw., so called) on Castilleja foliolosa and others near the coast may be 
explained as coming from infections from Peridermium harhnessii on Pinus 
attenuata^ though the mild climate of the California Coast makes avess- 
wintering in the uredinial form on Castflleja quite probable. The telial 
form has not yet been found. 

Inoculations of Castilleja foliolosa from San Francisco with aeciospores 
of Peridermium cerebrum from Pinus radiata failed. 

Since the publication of the first paper in 1916, Peridermium cerebrum 
has been found on Pm^^s muricaia at Santa Barbara, Cal., and on a culti¬ 
vated specimen of P. halepensis at San Mateo, Cal. Uredinia as weU as 
telia were coUeoted in August and September on Quereus califomica; 
uredinia at Gilroy, Santa Clara Co., Cal., telia at the same place, both 
by J. W. Sheldon, and uredinia near Sonora, Cal., by the author. At 
Gilroy the nearest pines were at least five miles away. 
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EXPEEIMEXTS WITH PERIDEBMIUM CEBEBRTJM 

Unfortunately a series of experiments on Pinus radiata with pedigreed 
material (results of the former inoculations) w'as lost when the inoculated 
plants died owing to poor greenhouse facilities. The new series have not 
yet sho\\n results. 

The experiments here reported and inaugurated for the purpose of 
confirming the first success were made with wild material. 

The same method of inoculation was employed throughout. The 
aeciospore material was dusted or shaken onto a small quantity of tap 
water in a watch crystal. It should not be taken with an mstrument 
directly from the aecium, in order to avoid a possible admixture of viable 
mycelium. With a sTnall sharp scalpel tangential slits about 0.5 to 0.75 
cm. in length and not more than 0.5 cm. in width were cut in the living 
bark of the test plants. The scalpel, after effecting a longitudinal in¬ 
cision through the cortex, passes the cambium without cutting the wood 
and mak^ its exit through the epidermis opposite to the line of entrance 
so that the slits extend through all cortical tissues. The resultmg mem¬ 
brane of cortical tissues remains attached above and below, but can easily 
be bulged out to allow insertion of the inoculum. The latter is intro¬ 
duced with the same scalpel and the membrane is pressed into position. 
The lips of the wound readily stick together and the membrane fully 
protects the inoculum from drying out. No further precautions are 
necessary beyond the usual sterilization of tools, etc., and the protection 
of the plants from spurious infection, either with bell jars or with celluloid 
tubes as described by Hubert, until Hie wounds are healed. 

In the earlier experiments the wounded part of the stem was wrapped 
with cotton which was kept moist for a number of days and then r^aoved. 
It appears unnecessary to follow this procedure. 

An the material used came from typical, more or less spherical, hemi¬ 
spherical to p 3 uiform galls, in which the aecia form separately, are some¬ 
times confluent, but hardly can be called typically cerebroid. 

Inoculations on Pinus radiata with aedospores from Pinus radiata. 
Including the first reported experiment, thirty-eight inoculations on 
fifteen plants were made under controlled conditions. Of these, 'nine¬ 
teen have been successful. Some of the galls resulting are richly 
sporulating, others are still too young to fruit. All are typical in shape 
and all developed from the inoculated wound. All control plants are 
perfectly sound. 

Inoculattons on Pinm muricaia with aeciospares from Pinus radiaia. 
Eleven plants were inoculated in twenty-two plac^. Of these inoculations, 
twelve were successful, tjpical galls being formed. One of these has two 
aecia at*tbe pr^ent day. 
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Inoculations on Finns radiata with aedospores from Finns attenuafa. 
One plant was inoculated in four places. One of these four inoculations 
was successful. The gall produced is spomlating richly. 

The galls invariably developed at the point of inoculation and at this 
point only. All check plants remained sound. 

In the foregoing experiments more plants were inoculated than are here 
given. From different causes a number of the young inoculated trees 
died. Some of these had developed small galls. They are, however, 
not counted as positive results. 

Accepting only definite results, the total number of infections of Finns 
radiata and P. muricata with aeciospores from Finns radiata and P. 
attenuata amounts to thirty-two out of a total of sixty-four inoculations, 
or 50 per cent. 

Analyzing the effect of the time of inoculation on the percentage of 
results, we arrive at the following table: 


HOSTS 

DATE OF 
INOCULATION 

WOUNDS 

INOCU¬ 

LATED 

P05XTXVB 

INFECTION 

PEB CENT 

P. att.-P. rad. 

Mar. 26 

4 

1 

25 

P. rad.-P. rad. 

Apr. 14 

4 

1 

26 

P rad -P. rad. 

Apr. 14 

3 


0 

P. rad.-P. mur. 

Apr. 18 

6 


0 

P. rad.-P. rad. 

Apr. 18 

10 

3 

33 

P. rad.-P. rad. 

May 10 

14 

10 

71 

P. rad.-P. mur. 

May 10 

16 

12 

75 

P. rad.-P. rad. 

May 23 

7 

6 

71 


While inoculations earlier than May are not impossible, the best chances 
for positive results seem to lie in the month of May, due either to the 
then attained maturity of the spores or to the condition of the inoculated 
host. In nature the galls begin to fruit as early as December and are 
usually in full sporulation in the months of March and April. It is to be 
noted that for a large part of the inoculations here reported, plants of the 
same origin were used. The plants of Finm radiata and P. muricata 
inoculated on April 18 and May 10 respectively were all raised together 
from seed in the nursery. Here the result stan^ 0 and 33 per cent as 
against 71 and 75 per cent. 

During the most favorable time the average of positive results amounted 
to 63 per cent. 

In no case were pycnia or anything resembling these bodies noticed. 
This tallies with observations of thousands of galls in natiure. The mi«:o- 
SGope so far has failed to reveal any indication of abortive or mtecnal 
pycnia. Pycnia are common in Peridermium eerehrum of the East. In 
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Japan they are produced in such frequency^ that “children lick the 
abundant spermogones on account of the sweet juice that oozes from 
theip.” 

The periods after whjch swelling of the stem and finally sporulation 
set in are variable. The time of the year at which the experiments were 
carried out had no influence on the incubation period, since all inocu¬ 
lations were made within two months of each other, the extreme dates 
being March 26 and May 23. The distance at which the plants were kept 
from the laboratory, on account of poor housing facilities, did not permit 
regular inspections. In one inoculation from P^n^^s rad%ata onto P. 
radiata the first swelling was observed after eleven months, while sporu¬ 
lation did not begin until thirty-five months after inoculation. In the 
experiment on the same pines reported in 1916 the first sweUings were 
noted after seven months and sporulation began twenty-one months 
after inoculation. The corresponding figures for inoculation of P%nus 
radiata from P. attenuata are sixteen and twenty-nine months, of Pinus 
muricata from P. radiaia eight and eleven and one-half months, of Pirms 
radiata from P. radiata (new series) eight and eleven months. The figures 
are given simply as general indications, rince the plants have not been 
under constant observation and the periods elapsed between the different 
stages may be too long by a month or two. Differences in the growing 
conditions under which the plants were kept may accoimt in a measure 
for the variations reported. 

Gall formation was accompanied by typical witches-brooms in eleven 
out of thirty-three cases. In some of the more recent inoculations 
witches’-brooms may still develop. 

The galls produced are very typical of Peridermiurn. cerebrum on Pinue 
radiata. They have the characteristic shape. In their youth they are 
either spherical or hemispherical, or they are more or less fusiform to 
pear-shaped, the gall being rather well set off against the sound part of 
the stem. Later the fusiform gaU develops into the more characteristic 
spherical shape. In the younger galls the bark is smooth, showing 
plainly the scar of the inoculation wormd. Later the bark becomes 
roughened, and after prolonged sporulation the dead bark scales give 
the gall surface a ru^d appearance. The aecia appear as well d^ned, 
separate sori, which later may become partly confluent. The peridium 
is rather delicate and evanescent. The aecia break forth between the 
bark scales and continue to develop from year to year until the gall dies 
off. On older gaUs during the maximum of sporulation large parts may 
be covered with the orange colored spore masses, but the aecia are always 
easily traced. 

** Grove, W. B. Tbe British Bust Fungi. 


p. 24. Cambridge, 1913. 
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The spores produced are in all respects morphologically identical with 
those described for Peridermium cerehrum. Their measurements agree 
fully with those of the latter. 

Galls were formed on parts of the stem from one to four years old. 
An inoculation of a five-year-old internode remained without result. 

If there could exist a doubt as to the validity of the infections published 
in 1916, the results given here establish as a definite, incontrovertible fact 
that it is possible to infect young plants of Pinus rudiata with aeciospores 
of Peridermium cerehrum from Pinus radiata and P. aitenmta, and plants 
of Pinus muricata with spores from Pinus radiata, and that the resulting 
more or less spherical galls are in all details identical with the galls so 
common on various coast pines of California. In other words, the aecio¬ 
spores of a heteroecious rust, capable of producing uredinia and telia on 
oaks, are also capable of producing aeciospores on pines by omitting the 
uredinial and telial stage altogether. 

FURTHER INOCULATION EXPERIMENTS 

Aeciospores from the result of the direct aecial infection of Pinus 
radiata reported in 1916 were used repeatedly for inoculations on young 
plants of Quercus agrifolia and on Q, engelmanni (March 1, March 21, 
March 25, and April 2). More plants of Quercvs agrifolia, Q. diryso- 
lepis, Q. wislizeni, and Q. engelmanni were inoculated with aeciospores 
from Pinus radiata of various collections (dates of inoculation Feb. 13, 
April 2, April 15, May 10, and May 22). Inoculations cannot be made 
later than early spring because the oak leaves are in general fully matured 
in May. The experiments extended over several years. Without ex¬ 
ception the inoculations failed to produce results. 

The following inoculations were made with uredinial or telial material 
from oaks: 

March 9, Urediniospores from Quercus agrifolia on Quercus lohata. 

March 89. Urediniospores from Quercus agrifolia on Q. lohata. 

April 8. Teliospores from Quercus californica on Pinus radiata (intro¬ 
duction of telial horns with well developed sporidia in wounds). 

April 18. Teliospores from Qmrcus agrifolia on Pinus radiata (same 
method). 

August 86. Teliospores from Quercus californica on Pinus radiata 
(same methodl. 

All of these inoculations gave negative results. They were carried on 
throu^ several years. The plants were kept under most favorable grow¬ 
ing conditions. 
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Hedgcock^ reports successful inoculations of leaves of Querats n^ra, 
Q. enioryi, Q. tmrilandica, Q. gambelii, and Q. kbata with urediniospores 
taken from the leaves of Quercus gambelii. Quercus lobata is an oak 
common in California, within the region in which Peridermium cer^rum 
is indigenous. 

Besides these laboratory and greenhouse experiments, a considerable 
number of inoculations were made in the open, with due precautions, 
on leaves of sound Quercus agrifolia with aeciospores of Peridermium cere¬ 
brum on Pinus radiaia. Not in a single case did they result in infection, 
although at the same time and shortly after, uredinial son appeared on 
other oaks in quantity. It must be borne in mind that in nature many 
oaks seem to be perfectly immutoe, while others standing in the closest 
proximity to them are more or less heavily infected. The fact points 
to the existence of immune strains in Quercus agrifolia. If this is true, 
laboratory experiments will always be rmcertain until it is possible to 
raise young oak plants from acorns of a tree known to be susceptible to 
infection. Unfortunately, the uredinial form is least frequently found on 
trees large enough to bear acorns. 

While this difficulty may explain the failure to get positive results from 
inoculations on oaks, it does not do away with the corresponding failure 
to infect young pines with sporidia from oaks. Further inoculations of 
both types are on the way. It is not easy to secure good telial material. 
Telia are not very common. Their small size adds to the difficulties of 
collection. The period during which they mature appears to be rather 
short. It seems to vary from year to year and does not always coincide 
with the most favorable stage of development of the oak plants on hand. 

EXPEEIMENTS WITH PEBmBBMnJM HAKKNESSII 

Peridermium cer^jrum is not the only rust fungus with facultative 
heteroec^m. A series of inoculation experiments with Peridermium hark- 
nessii has shown that direct transfer of the fungus from pine to pine is 
equally possible. ^ 

The aeciospores of P. karknessii very readily produce uredinia and 
telia on CasiiU^a miniata. Inoculations on CaaHU^'a foUohsa failed, 
perhaps due to the poor condition of the plants, which are difficult to 
raise in the laboratory. 

In inoculating pines with aeciospores of Peridermium harknessii the 
same **slit*^ method was used as in the eiq>eiimen'ts with Peridermium 

** Hedgco<k, Q. G. Notes on some diseases of trees In our national forrats. I. 
^ P* Washington, D. C., 1914. Paper read at the meeting of the American Phyto- 
pathological Society at Boston, Mass., Deoemh^ 30, 1909. 
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cerdirum. The galls are in full sporulation in July. The following is a 
synopsis of the results obtained. 


HOSTS 

DATE or 
INOCULATION 

TVOUNDS 

INOCU¬ 

LATED 

posrrivB 

INFECTION 

PEB GENT 

P. pond.-P. rad. /. . 

July 21 

3. 

1 

33 

P. cont.-P. cont. 

July 25 

13 

12 

93 

P. cont,-P. jeffr. 

July 25 

21 

12 

57 

P. jeffr.-P. jeffr. 

July 24 

16 

10 

62 

P. jeffr.-P. cont. 

July 24- 

13 

10 

77 


Of a total of sixty-six inoculations forty-five, or 68 per cent were success¬ 
ful. In each case a gall was found exactly at the place of inoculation 
and at no other place. All control plants remained sound. The forty- 
five galls are accompanied by witehes’-brooms in seventeen cases or 37 
per cent. 

In one inoculation, made in 1915, gall formation took place after 
eighteen months, while sporulation did not set in until forty-four months 
after inoculation. The remaining experiments are stOl too recent to 
show aecia. The galls appeared after eleven and twelve months. In 
no case could pycnia be observed. The transfer from Pinus ponderosa 
to F. radiata, the typical host of Periderndum cerebrum on the Coast, is 
of particular interest. 

The results prove that the aeciospores of Periderrrdum harkneesii are 
equally capable of producing uredinia and telia on certain Scrophu- 
lariaceae and aecia and aeciospores on pines. 

ELESAHN^S EXFEItmENTS 

Two years after the author’s publication of the results of direct aecial 
transmittal from pine to pine, Klebahn^ published similar results with 
Peridermium pini in support of Haack’s^* inconclusive experiments. The 
rigorous blockade before the entrance of “tiie United Stat^ into the war 
evidently kept American scientific periodicals from readiing GCTmany, 
and Klebahn consequently was not aware that the problem of direct 
.aecial infection had already been solved. The blister rust of Pinus 
silvestris in Europe consists, according to Klebahn, of two forms, one 
connected with CronarHum asdepiadeum (Willd.) Fries, which Klebahn 
calls Peridermium comui Eostr. and Kleb., and another morphologically 

It Klebahn, Heinrich. Peridermium phu (Willd.) Kleb. und seine Ubertragong 
yon Kiefer su Kiefer. Flora, lU-112: 194-2G7, ills., pL 4-5. 1918. 

^^Meinebke, E. P. M., Op. cit,, p, 237. 
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almost identical one, but not connecting with any Cronartium, called 
by him Peridermium 'pim (Willd.) Edeb. It is with the latter that Kle- 
bahn expemnented. He operated with young trees raised from the seed 
of infected trees. The inoculations were made partly with wounds, 
partly without wounds. In both cases he obtained positive results, 
though more infections occurred through wounds. About 30 per cent of 
his inoculations were successful. The resulting aeciospores germinated 
readily on a film of water. The type of germination was invariably 
aecidioid, without a trace of promyceha and sporidia. It is particularly 
noteworthy that some of the infections resulted in the formation of 
pycnia. At the time of Klebahn’s report these particular infections had 
not yet produced aecia. Klebahn is disinclined to believe that heteroe- 
cism exists in Perid&nmum pini side by side with the repetition of aecia. 
"Perhaps the acquisition of the faculty to produce aeciospores from aecio- 
spores is accompanied in this case by the loss of heteroecism and the 
disappearance of tehospores.” He proposes to solve this question indi¬ 
rectly through similar experiments with the undoubtedly heteroecious 
Peridermium comui, and suggests experimentation with Pendermtum 
strdbi. 


GERMINATION STUDIES 

fVomme^ in a criticism of the author’s first paper suggests that ger¬ 
mination studies and perhaps cytological studies may be necessary in order 
to establish the true character of the spores, referring to the aeciospores 
used in the experiments. Since the publication of the first paper the 
author has made a great number of germination tests with the aeciospores 
resulting from infection with aeciospores of Pendermtum cerebrum and 
P. harknesm as well as with spores from wild galls. The spores were 
dusted on a drop either gf 5 per cent gelatine or, m by far the greater 
majority of cases, on a drop of tap water on slides which were placed on 
moistened filter paper in ^etri dishes. Germination under such conditions 
is always very abundant. In every case, without any exception, the 
single germ-tube produced was typically aecidioid. The tube growing 
into the air reaches great length, ten to fifteen times-the length of the 
spore, is delicate and tapming towards the tip, occasionally branched, and 
often spirally curved, but it never shows the sli^test tendency to produce 
stexigmata or sporidia, or any character which could possibly be mt«>- 
preted as belonging to a promycelium. In order to leave no doubt on 
this point a very large number of spores (roughly about 800,000) wot8 

** fTomme, F. D, Facultative heteroecism (?) of Peridermiam lutr VniwBii «.nd 
Oranartium quercos. Phytopathology, 8: 411-412. 1916. 
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examined. No difference could be observed in the behavior of the spores 
used for inoculation and the spores resulting from the infection. 

After two to three days the long germ-tubes are generally overgrown 
by moulds. In order to hold back the latter as well as to stunt the germ- 
tubes and induce them to develop typical promyceha on shorter tubes in 
case they were capable of doing so, a number of spore cultures were ex¬ 
posed to low temperatures. The result was a general ehmination of the 
moulds and a very decided stunting of the germ-tubes, but no promycelia 
or anything resembling them were obtained. 

It was thought possible that the actual contact with the tissues of the 
host plant might be necessary to stimulate the spores to produce promy¬ 
celia and sporidia. A number of inoculations by the slit method were 
made and the spores examined after one to six days. In every case was 
the germ-tube typically aecidioid. Nothing even remotely resembling a 
promyceUum or basidiospores could be detected. 

PACTJLTATIVB HETEROECISM 

Fromme^® has taken exception to the use of the term facultative heteroe- 
eism as applied to the faculty of omitting the alternate host, perhaps 
correctly so from his point of view, which considers Pendenmum hark- 
nessii Moore in the older acceptance of the name and Peridermium cere- 
hrum Peck as distinct. To anyone who believes that the CaHfomia 
coast form connects with Cromrhum guercuum, the term should appear 
logical. Hitherto heteroecism has been considered as obligate where it 
occurred in rust fungi, including Penderrmum cerebrum Peck. Hedg- 
cock’s successful cross infection proves that the fungus can stiff exercise 
its faculty of heteroecism, while the direct infections from pine to pine 
show .that it can omit the oak phase. Its heteroecism is no longer obh- 
gate, but facultative, optional. If a doubt can still exist concerning the 
California form of Peridermium cereimm, none is possible with regard to 
the heteroecism of Peridermium harknesm. In other words, the results 
of our experiments show that heteioecism is not as fixed and rigid a 
phenomenon as has hitherto been believed. 

The mere overwintering of the uredinial stage of Cronartium cerdbrum 
does not constitute facultative heteroecism. It is the formation of 
teliospores and basidiospores which counts. In obligate heteroecism the 
organism should return to oak. To judge from the failure to infect 
California oaks the heteroecism of the fungus seems to have lost some of 
its obligate character. 


Op. oit., p. 411. 
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Why, according to Fromme, “a species must be capable of producing 
both generations on the host of one generation to be considered faculta¬ 
tively heteroecious” is not clear. The et 3 rmology of the Greek word 
heteroecism indicates plainly that it means the faculty of diJBferent genera¬ 
tions of an organism to inhabit different hosts, just as autoecism indicates 
that an organism inhabits one host or host group only. An organism 
cannot be facultatively autoecious. By the mere fact that it produces 
different generations on different hosts it automatically becomes heteroe- 
cious by definition. Only heteroecism can be facultative or optional. In 
autoecism there can be no choice of hosts. 

INTBBPRBTATION 

The outstanding features of our investigations may be summarized as 
follows: 

In California a Peridermium, described by Moore ‘as P. harkneaaii and 
now referred to P. cerebrum, abundantly produces galls on a number of 
pines, particularly Pinus radiaia. The galls resemble very much, but 
not in all detail, the Peridermium cerebrum Peck of the East. Pycnia, 
common in typical P. c&rebrum, have never been found. Witches’- 
brooms, rare in P. cerebrum of the East, are common on the Cahfomia 
coast. 

Side by side with Peridermium cerd>rum there exists in California a 
sporophytic generation resembling in all respects Crormiium cerebrum 
(Peck) Hedge, and Long. It occurs on a number of oaks commonly 
associated with the pines known to be hosts to Peridermium cerebrum. 
Both uredinial and telial stages are found. Infected oaks and pines may 
be located close together or may be so far distant from each other that 
inoculation through the air is excluded. Heavily infected individual oaks 
may stand in closest proximity to perfectly sound pines and vice versa. 
If both forms belong together, as is now accepted, they certainly show a 
remarkable independence of each other. 

It is possible to infect pines directly with spores from the galls of the 
same species or certain other species. The percentage of succeesful 
inoculations is high. All inoculations of pines with sporidia from Cali¬ 
fornian oaks or of oaks with aeciospores from pines have failed. 

The spores produced m the pine galls resulting from direct infection with 
spores from pine gaUs invariably show typical aecidioid gemination, as 
do the spores from all wild pine galls. 

The mycelium overwinters on the evergreen oaks and produces uredini- 
ospores and telio^ores in spring. 
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On mountain pines a gall form, in gross appearance resembling that of 
the coast pines, is common, particularly on P%rms contorta. The aecio- 
spores of this form, now called Pendermium harknesm, readily produce 
uredinia and telia on Casiilleia sp, and typical galls with aeda and 
aeciospores on pines. Pycnia have never been found, with exception of 
abortive ones in a single case on Ptnus jeffreyz, which may prove to refer 
to another Peridermium. Witches’-brooms are common. The resulting 
aeciospores show true aecidioid genmnation. 

What is the interpretation of these facts? 

Fromme^^ is of the opinion that the spores “ although morphologically 
aecidiospores, (they) may be aeciospores, tehospores, or urediniospores in 
function, since all three may be borne catenulately in aecidioid fructi¬ 
fications. If the inoculated spores are aeciospores, the resultant spores 
must be urediniospores or teliospores (aeciospores do not reproduce 
aeciospores).” It is true that no definitely established case has been 
reported so far in which the aeciospores of a heteroecious rust reproduce 
aeciospores. Eriksson's results with Pucdma arrhenaien (Kleb.) Erikss. 
have never been confirmed. But what then is an aeciospore? A spore 
with all the morphological characters of an aeciospore, with aecidioid 
germination, failing to produce a promyceHum, failing to produce spoiidia, 
is difficult to classify as a teliospore. Cytological studies will show 
whether our spores are binucleate or uninucleate. If the former, they 
may be either aeciospores or urediniospores. If they are to be regarded 
as urediniospores we woidd have, in the same organism, two totally 
different kinds of urediniospores on two different hosts. Perhaps the 
spores are uninucleate. That would then be the only remaining character 
which they have in common with the teliospore, a teliospore in which the 
basidium itself, without formation of sporidia, directly infects the host. 
In that case the fungia would present the unique spectacle of forming no 
aeciospores but two dktinct telial forms, also on two different hosts, one 
resembling in all detail except nuclear behavior true aecio^ores, the 
other acting like normal teliospores. It is evidently too early to accept 
so extraordinary a possibility. 

It seems far more probable that the accepted rule that aeciospores 
never produce aeciospores does not invariably hold true. Klebahn also 
considers the resulting spores as aeciospores. Perhaps the omission of the 
pycnia in the cycle has some significance in connection with the direct 
transmission of the rust from pine to pine by aecioQ)ores. One might be 
inclined to assume that the disappearance of the pycnia adds to Ihe 
sexual vigor of the aeciospore to such an extent as to make the latter 


Op. cit., p 412. 
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sufficiently virulent to attack pines without having to pass through the 
sporophytic generation on oak or Castilleia respectively. This sug¬ 
gestion would be at variance with Olive’s^* views. He explains the jump 
from one host to hosts of very different systematic position on the 
ground of the profound and invigorating stimulus imparted by the sexual 
fusions. “The diploid aecidiospores, which are produced shortly follow¬ 
ing these fusions, are endowed with more vigor than any of the rest of the 
forms of rust spores; and are thus the most capable of infecting foreign 
protoplasm.” Granted that the stimulus imparted by the sexual fusions 
may explain the jump from one host to another. But what is far more 
puzzling is that a spore form recently rendered sufficiently vigorous to 
effect that jump, should not be vigorous enough to re-infect the pro¬ 
toplasm it has so long been accustomed to. It may be, after all, that the 
omission of so fixed a character as the formation of telia in heteroecious 
rusts is far more momentous than the change from one host group to 
another. In Cronartium harknessii the percentage of successful inocu¬ 
lations of pines is decidedly lower than the percentage of infections of 
Castilleia. 

In Periderndum cerehnm and P. harknessii the aeciospores possess both 
faculties, that of the jump to foreign protoplasm lind that of re-infecting 
tiie old host. Perhaps such cases are more conunon than appears on the 
surface. Is what we observe in these forms an early stage in the de- 
vdopment from autoecism to heteroecism, or are we watching the break¬ 
ing down of heteroecism and an emancipation of generations? 

AECIAL INFECTION AND DISSEMINATION 

It is evident that a heteroecious rust possessing, in addition to the 
usual mode of spreading through basidiospores, the faculty of directly 
infecting pines throu^ aeciospores is particularly favored with regard 
to dissemizuktion. This double faculty explains the extraordinary fre¬ 
quency of galls of Peridermium harknessii and P. cerebrum, both of which 
are capable of doing considerable damage. Seedlings are often killed. 
Older trees are stunted or deformed by the large galls on the stems. 
While certain hosts, such as Pinus oMenuata and P. sdbiniana, do not 
possess commercial value, the loss in Pinvs radiata, one of the commonest 
garden and park trees of the coast, or in P. ponderosa and P. jeffreyi, 
both important timber trees, is not to be underestimated. 

In the light of the experiments reported, it is far from impossible or even 
improbable that Cronartium rdncola may also be transmitted directiy 

Olive, E, W. Origin of heteroecism in the nists. Phytopathology, 1: 139-14^. 

IWL 
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from pine to pine. Considering the very great importance of this disease 
it is highly desirable that similar experiments be carried out with aecio- 
spores of the white pine blister rust. 

SUMMARY 

To the host list of Peridermium cer^mim (the former Peridermium 
harknessn Moore) in California should be added Pinus muncata (and P. 
kcdepensis). The host list of Cronarhum cerebrum Peck in California 
now also includes Quercus califormca. 

Previously reported direct infections of Ptnus rcuhata with aeciospores 
from galls of Pend&rmium cerebrum on Ptnus radiata are confirmed. Other 
direct infections with Peridermium cer^mim spores have been successful 
from Pinus radtata to P. muricaia, and from P. aUenuata to Pinus rcdiata. 

Peridermium harknessii Moore, now confined to the gall form on moun¬ 
tain pines, though retaining its faculty easily to infect serophulariaceous 
hosts and there to produce uredinia and telia, is also capable of repro¬ 
ducing galls, aecia, and aeciospores in direct inoculations from Pinus 
contorta to P. contorta, from P. corUorta to P. jeffreyi, from P, jeffreyi to 
P. jeffreyi, from P. jeffreyi to P. contorta, and from P. ponderosa to P. 
radiata. 

The germination of the resulting aeciospores in moist air is invariably 
truly aeddioid. No promycelium and no sporidia are formed. No 
pycnia are found. Witches’-brooms frequeUtly accbmpany the galls. 

The heteroecism of Peridermium cerebrum fmd Peridermium harknessii 
is facultative. 

Office of Invbstiqations in Forest Pathology 
Bureau of Plant Industry 
San Francisco, Califobnia 



ON THE AMOUNT OF COPPER REQUIRED FOR THE CONTROL 
OF PHYTOPHTHORA INFESTANS ON POTATOES 

O. B 0 T I| B B 

With Three Figitbes in the Text 

The year 1919 was a very favorable one for the development of late 
blight in New England, and therefore also a year eminently suited to a 
study of the relation between degree of control obtained and total quantity 
of copper applied per acre. It is of extreme importance that we know 
the miniTTium amount of copper required to give control and also the 
number of spra 3 dngs that must be applied with a Bordeaux mixture of 
any given strength, in order to secure the de^ed control; in other words, 
to deteraime whether frequency of application has any appreciable effect 
on the amount of copper that must be applied per acre. Upon these 
points an experiment carried out by the writer during the summer of 1919 
supplies data that is not without interest. 

In the experiment referred to, a potato field a trifle over 3 acres in 
extent was divided into twenty-three plots of four rows each, which were 
then sprayed, that is, all but no. 16, which was left as a witness, in the 
manner indicated, and with the fungicides named in table 1. 

The spraying machine used in the experiments was an Iron Age equipped 
with triple action pump, and the pressure employed was 180 pounds. At 
the first spraying one nozzle was used per row, giving an application 
of 71.5 gallons per acre, while in the subsequent sprayings three nozdes 
were employed, giving an application of about 135 gallons per acre. 
When the three nozzles were first used a boom of the t 3 rpc illustrated in 
figure 1, 6, was employed but was subsequently changed to the form 
illustrated in figure 1, a, which proved more satidactory and covered the 
plants better. 

The potatoes were sprayed on July 11 and subsequently thereafter as 
called for in the schedule (see table 1), the weather never once hindering 
the work. 'While the experimental field was located some seventeen odd 
miles from Durham, the nearest weather bureau station, the climatic 
data for the latter place will portray sufficiently accurately for our purpose 
the ^sential characteristics of the growing season as they pertain to the 
former. The graph (fig. 2) gives the daily Tnarimum and mlniTYinm 
temperature and the rainfall for the period covered by the ^periment. 
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TABM! 1 


Fungicides used and spraying schedule followed in experiments on control 

of light blight 


FUNOICID13 trSED 

PLANTS SPBATED 'ftBEKLT 

PUIOTS SPBAYED 

0 WEESB 

PLANTS SPB4YBD EVBBT 
TBBBB WEEKS 

Plot 

num 

ber 

Date sprayed 

Plot 

num 

ber 

Date spnyed 

t 

m- 

ber 

Date sprayed 

1 per cent Bor¬ 
deaux mixture 
1 1 

1-17 

July 11,18, 24 
August 1, 8, 16, 
22,29 

Septembei 6,12 

6-20 

Jul> 11, 24 
August 8,22 
September 6 

11 

July 11 

August 1,22 
September 12 

1 per cent Bor¬ 
deaux mixture 
1 05 

2-18 

As above 

7-21 

As above 

12 

4s above 

2 per cent Bor¬ 
deaux mixture 
1 05 

3-19 

1 

As above 

% 1 

j 

8-22 

As above 

13 

As above 

P3nx)x 1 

4 

As abovef 

9 

As above 

14 

As above 

Bordeaux mix¬ 
ture paste* 

5 

As abovej 

10-23 

As above§ 

15 

i 

As above 


* Manufactured by General Chemical Company, New If ork ^ 

t On August 16, 2 per cent Bordeaux mixture \ias accidently used mstead of 
Pyrox 

% Bordeaux mixture paste not used on 4ugust 29 and September 6, as our supply 
of material became exhausted 

§ Bordeaux mixture paste applied Septembei 12 instead of September 6 (see 
note (t) above) 




Fig 1 Types op Boom Used in Spbaycng Experiment 
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It will be noticed that, beginning September 9, we have cool wet weather 
^ninently favorable for the development and spread of late blight, and, 
in effect, the malady proved extremely violent and destructive through¬ 
out the state of New Hampshire towards the close of the growing season. 
During the wet weather in Septemb^ the late blight obtained a footing 
in the experimental field. On September 26 the foliage of the unsprayed 
plants was dead but the stalks were still green, while one week later the plants 
were entirely dead. The foliage of the plants sprayed once in three weeks 
with Pyrox was m bad condition on September 18, and on September 26 



Fig. 2. Daily Maximum and Minimum Tbmpbbatubbs, and Rainfall at 
Dubham, N. H., fbom July 11 to Sbptbmbbb 31, 1919 

. -SB Masdmum temperature 

-sa Minimum temperature 

Vertical block coltmm, » Rainfall 

had almost completely withered. The foliage of the plants sprayed 
every three wedrs with Bordeaux mixture paste was in poor condition on 
Septemb^ 18, but the plants had not completely withered when a severe 
frost on October 9 oompletdy killed the plants throughout the experi¬ 
mental fidd. The foliage of the plants in the plots other thau those just 
considered remained green until the end, and showed no inter se difteis 
ences worthy of comment. The foliage injury and premature death of 
the witness plants and those sprayed with Pyrox every three weeks, as 
well as the hardly less severe injury noted on the plants sprayed with 
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Bordeaux mixture paste every,three weeks, was in large part due to early 
blight {Macrosporium solani) and not conspicuously to late blight. The 
late-bhght fungus did not find as favorable a nidm for growth as would 
have obtained in the absence of early blight, though it was sufficiently 
virulent, as the data obtained at harvest will show, to make the experi¬ 
ment conclusive. 

During the twelve days beginning October 18 the potatoes were har¬ 
vested, the entire two central rows of each plot being taken for the data 
on tuber infection. The results obtained are indicated in table 2, in 
which is also given the amount of copper applied per acre dimng the 
season. 

TABLE 2 


Effect on the control of late blight of strength of the fungicide used and of number 

of applications given 


FTTHGICIDB tTBED 

PI«A2^ SPBATED 
WBBKL7 

PLANTfi SPAATBD 
BVEBT 

TWO WBBSS 

PLANTS BPBATBD 
BVBBT 

TRBBB WBEEB 

Amount 
copper 
applied 
per acre 

Percent 

late- 

bbght 

Amount 
copper 
applied 
per acre 

Per cent 
late- 
bli^t 

Amount 
copper 
applied 
per acre 

Per cent 
late- 
blight 

1 per cent Bordeaux mixture 1:1.... 

pounds 

26,04 

m 

pounds 

12 38 

1 90 

potmia 

9.66 

3 62 

1 per cent Bordeaux mixture 1:06... 

26 04 


12 38 

0 60 

9.66 

307 

2 per cent Bordeaux mxiture 1:05... 

52.09 


24 77 

0.00 

19 30 

0 76 

2.5 per cent Pyrox. 

8 91 

wMgy 

1.83 

4.65 

1.43 

14 28 

2.75 per cent Bordeaux mixture paste. 

21.47 

i.ief 

12 92 

l.OOf 

10.07 

3.21 


* Two per cent Bordeaux mixture 1:05 was applied once by mistake; the figure 
is therefore too low. 

t Owing to lack of material, the spraying schedule was not fully carried out; 
the figure given is, therefore, too high. 

A study of table 2 shows that absolute protection is afforded when 
between 24.7 pounds and 26 pounds of copper are applied per acre, and 
that whether this amount is applied in weekly or fortnightly sprasdngs 
the results obtained are substantially the same. To apply the necessary 
amount of copper is more important even than timeliness of application. 
It will be remembered that weather particularly favorable to the late- 
blight fungus supervened on September 9, and that conditions favorable 
to its spread and development continued until the plants were MUed by 
frost. Now if we turn to the spraying schedule we wiU find that the last 
three-weekly spraying given before weather favorable to the late-bli^t 
fungus set in was on August 22, while the last weekly and fortnightly 
applications were given on Septwnber 6. In oth^^ words, in the case of 
the three-weekly q)rayings, weather conducive to the development of 
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late Wight supervened eighteen days after the last application had been 
made, whereas in the case of the weekly and fortnightly apphcations the 
interval was only three days. The plants sprayed every three weeks 
with 2 per cent Bordeaux mixtme 1.05 yielded 0.76 per cent diseased 
tubers, substantially the same amount as 1 per cent Bordeaux mixture 
1:05 applied fortnightly; 2 per cent Bordeaux mixture applied fortnightly 



Fxo. 3. OtravE Sbowustg Rbiation Bbtwbbit pbb Aobb Amnm ArruoAiiioK 
OB CoPPEB ANB LaoB-BuGHT ItfBBmON OB PoTATO TUBBBS 

gave absolute protection, while 1 per cent Bordeaux mixture 1:05 sprayed 
weekly permitted very dight infection. Timelmess of application did not 
therefore determine the degree of freedom from late bli^t. If one plots 
the r^ults secured in the experiment he will find the relation betwe^ 
protection obtained and the amount of copper applied per acre per anmiTn 
to give the curve shown in the foUowii^ graph (fig. 3). A study of this 
curve permits one to deduce that if a 0.6 per cent Bordeaux mistuie 
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were used, then the potatoes would have to be sprayed twenty times in 
sixty-three days, ^.e., once every three days, in order to obtain the pro¬ 
tection afforded by a 1 per cent Bordeaux mixture 1: 05 applied weekly, 
or a 2 per cent Bordeaux mixture 1:05 used fortnightly. On the other 
hand, lengthening the interval between sprayings, which would be theo¬ 
retically allowable, is subject to limitations, as is also the equally per¬ 
missible increasing of the strength of the Bordeaux mixture employed. 
In the first place a Bordeaux mixture stronger than 2 per cent becomes 
difi&cult to handle; as a matter of fact, even a 2 per cent mixture does 
not handle satisfactorily, except when made directly in the spray tank, 
and an interval of more than three weeks between applications of a fungi¬ 
cide would leave new growth unduly long exposed to the dangers of 
infection. We are therefore obliged to adopt a middle ground. Just 
what this middle ground shall be must depend on the degree of pro¬ 
tection sought and the economy of application desired. It is clear that 
one can spray with 2 per cent Bordeaux mixture 1:05 every three weeks 
with very satisfactory results and at a very considerable saving in cost 
of application; one can spray with 2 per cent Bordeaux mixture 1:05 
every two weeks at less total expense and with results as regards pro¬ 
tection identical with those obtained with 1 per cent Bordeaux mixture 
1:05 applied weekly. But, and this is important, if we examine the 
data given in table 2 we wiU find that it is not only necessary to apply a 
certain amount of copper per acre per annum, but also that strictly 
equivalent protection is not obtained by simply making up any deficiency 
in strength of the Bordeaux mixture used by increasing the number of 
applications. The reader must not, however, infer from this that the 
unit copper in a strong Bordeaux mixture is more toxic than in a weak 
Bordeaux mixture; in other works, that there exists a relation between 
the strength at which the mixture is used and its toxicity to the late- 
bhght fimgus. There is no relation between concentration and toxicity, 
but there is a relation between composition and adhesiveness, and it is to 
this factor that the differences in protective power of the Bordeaux noix- 
tures used are to be ascribed. 

Now, if we turn to consideration of the proprietary fungicides employed, 
it will immediately be noticed that Bordeaux mixture paste, which con¬ 
tains when ready for xise the copper equivalent of 1 per cent Bordeaux 
mixture, gives substantially the same protection; while Pyrox, which 
contains when ready for use only one-twenty-sixth of the copper present 
in a 1 per cent Bordeaux mixture, affords a protection that is far from satis¬ 
factory. Pyrox, it has been shown,^ is not as adh^ive as 1 per cent 

1 Butler, O., and Smith, T. O. Relative adhesiveness of the copper fungicides, 
Fhytopathobgy 40: 442, 1919. 
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Bordeaux mixture, so that its inability to give equivalent protection may 
be due both to a deficiency of copper and adhesive properties of a lower 
order. On the other hand, the behavior of Bordeaux mixture paste shows 
sufficiently that it is possible to manufacture a proprietary mixture 
possessing the properties of home-made Bordeaux mixture, but, in the 
present case at least, this was not accomplished by any economy in the 
use of copper. This fact should be especially borne in mind. 

SIJMMABY 

1. The amount of copper that must be applied per acre prar annum 
in order to prevent losses due to the attacks of Phytophihora infestam lies 
between 24 and 26 pounds. 

2^ One per cent Bordeaux mixture 1:05 is superior to 1 per cent Boi> 
deaux mixture 1:1 for the control of late blight. 

3. Two per cent Bordeaux mixture 1:05 applied fortni^tly is superior 
to both 1 per (»nt Bordeaux mixture 1.05 and 1:1 applied every week. 

4. Of the two proprietary copper fungicides expenmmited with, the one 
giving a mixture rich in copper was found very superior to the one giving 
a mixture weak in copper. 

New Hampshieb AGRicncrLTOBAL Expbbimbnt Station 
Bubham, New Hamtshtbb 



PHYTOPATHOLOGICAL NOTES 


Puccinia graminis on native Berheris cmiadensis}—Berberis canadensis^ 
which is native in part of the Allegheny region of the eastern United States, 
has been known for some time to be susceptible to Puccinia graminis.^ 
However, naturally infected bushes have not been reported heretofore, 
with one possible exception. An infected specimen of what was labeled 
^B, canadensis was found by Dr. Arthur in the Schweinitz collection.® 
But, after carefuUy examining the collection. Dr. Arthur inclined to the 
opinion that the specimen was B. vulgaris. 

During the summer of 1919 the Office of Cereal Investigations of the 
Bureau of Plant Industry, United States Department of Agriculture, 
cooperating with the states in which the work was done, made a bar¬ 
berry and rust survey of most of the states contiguous to the barberry 
eradication area. The object of the work was to ascertain the r61e of 
barberries in developing and spreading rust in those states in which the 
situation was little known. Particular attention was directed to a study 
of the possible relation of escaped and native barberries to rust develop¬ 
ment on cereals. 

Berhei'is canadensis was found naturally infected in southern West Vir¬ 
ginia and in Virginia. The junior writer found infected bushes in hlonroe 
County, West Virginia, on May 7. The first infected bushes found in 
Virginia were observed by Professor Fromme and Professor Massey, 
May 18, near Blacksburg, Montgomery County. Later, infected bushes 
also were found in Pulaski, Wythe, and Smyth counties. 

^ The information contained in this note wds accumulated by various people. 
The work was done cooperatively between the states involved and the Office of 
Cereal Investigations, Bureau of Plant Industry, United States Department of 
Agricultuie. The writers are under particular obligation to the followmg men for 
assistance and observational work; Dr. P. D. Fromme and Prof. A. B. Massey, Vir¬ 
ginia Polyiechnic Institute, Dr. N. J. Giddings, West Virginia Agiicultural E^en- 
ment Station. W. N. Christopher, formerly field assistant, Office of Cereal In¬ 
vestigations, did much of the survey work in West Virginia, and Dr. C. A. Ludwig, 
formerly assistant pathologist, Office of Cereal Investigations, found one of the 
rust locations in Virginia. 

* Levine, M. N. The epidemiology of cereal rusts in general and of the black 
stem rust in particular. Mimeographed paper, 1919. 

• Arthur, J. C., and Bisby, G. E. An annotated translation of the part of 
Schweinitz’s two papers giving the rusts of North America. Proc. Amer. PhiL 
Boo., 67; 226-226, 1918. 
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It was quite evident that infection had occurred only a short time 
before May 7 in West Virginia, since most of the aecia were still immature. 
Nevertheless a few leaves were rusted in nearly every clump of bushes 
examined. Within a few weeks the infection became more general and 
more severe. During late May and early June thousands of heavily 
infected bushes were found in Monroe, Greenbrier, Summers, and Mercer 
counties, West Virginia. In fact, the bushes were so numerous that 
farmers were attempting to destroy them as weeds. An additional 
reason for the eradication of the bushes soon became clearly apparent. 
They were very numerous along fences, roadsides, and even along the 
edges of fields. It was evident, therefore, that the rust was likely to 
spread to the adjacent wheat fields. 

By June 1 the rust had already spread from the bushes to grains and 
grasses in West Virginia. Many local rust epidemics began to develop 
by the middle of June, and, before harvest time, they reached con¬ 
siderable proportions. Very cleaiiy many serious rust attacks were due 
to the proximity of rusted B, canadensis to wheat fields. In fact, there 
can be no question but that the presence of these bushes was detrimental 
to wheat growing in those regions in which observations were made in 
1919. Several biologic forms of P. graminis undoubtedly were present, 
since, in addition to the common cereals, several wild grasses became 
infected. Apparently the rust spread only slightly from the barberries 
to wheat in Virginia, and no appreciable damage resulted. This may 
have been due p€^ly to the early maturity of the wheat crop. 

The association of the B. canadensis bushes with limestone formations 
was quite striking. Most of the bushes were small. This was very 
probably due to the fact that abundant seed apparwitly had been produced 
and the resulting seedlings were so badly crowded as to inhibit theip 
nonnal devdopment. The inaccessibility of the regions in which the 
observations ware made probably accounts for the fact that the nwt had 
not been reported on B. canadensis previoudy. 

E. C. Staxjvtan and L. J. Kbakover. 

Bweei potato stem-rot and tamoio vrilU —^The belid prevails in some 
sections of Maryland that tomatoes foUowiog sweet potatoes in the 
rotation become infected with wilt, the suppoation bdng that the stem- 
rot of sweet potatoes and the wilt of tomatoes is caused by the same 
organism. That this is hardly likely would seem evident from the 
dbaracteristio difierences between the two organisms. 

In view of the suddens of the farmers, cross mocularions were made 
wife. Wwmiw» hyperoscysporvm and Fwarium lycopersici on tomatoes 
end sweet potatoes r^pectivdy. Fnsaritm hyperoxysporum was isolated 
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from sweet potato plants collected in the part of Maryland where the two 
diseases occur and this organism was used in the moculations. A culture 
of F. lycopersici was obtained from Mr. F. J. Pritchard who had previously 
proved its pathogenicity. 

In 1918, cross inoculations were made with these two organisms by 
inserting spores and hyphae into the stems of the plants near the soil 
line. Check plants were made by inoculating sweet potatoes and tomatoes 
with F. hyperoxysporum and F. lycopersici respectively. These experi¬ 
ments were repeated in 1919. None of the sweet potatoes inoculated 
with F. lycopersici or tomatoes inoculated with F. hyperoxysporum be¬ 
came infected, while a considerable number of the check plants finally 
developed the disease. The results of these experiments show that the 
organisms were pathogenic to the host from which they were isolated but 
that the sweet potato fungus was not pathogenic to tomatoes, and vice 
versa. These experiments were carried out at the Arlington Experiment 
Farm near Washington, D. C. 

L. L. Haetee ajstd J, L. Weimbe. 

% 

Hmd smut in sorghum and maize ,—^During the month of September, 
1919, the writer observed in a volunteer crop of orange sorghum near 
Davis, California, an attack of head smut {Sorosporium reilianum (Kfihn) 
McAlp.) averaging 15 per cent by plant count. The plants in all in¬ 
stances produced no seed in any head. The tillers were normal or almost 
normal in number but much reduced in diameter. Smutted plante 
matured earlier than smut-free plants, producing characteristically small, 
ravelled infiorescences. As the sorghum was cut for silage, the losses for 
infected plants included all the grain and fully one-half of the fodder. 

The significant feature of the head-smut attack lay in tiie heavy in¬ 
fection in the volunteer field and the almost entire absence of attack in 
the adjacent planted field where barley had been the preceding crop. 
The explanation for this is given in the well known fact that this smut 
entirely or almost entirely makes its attack from the soil, where its spores 
lie viable from many months dispite seasonal disturbances. Soil infestap 
tion from bunt is common in the same region. Maize in adjacent fields 
was badly attacked by maize smut (UstUago zeae) but no head smut was 
found. There is evidence that head smut has existed at Davis for a 
number of years. 

In the peaty delta soils near Stockton the writer, at a later date, en- 
coimtered head smut in a field of King Philips hybrid maize. The attack 
affected the maize plants, ears, and tassels much the same as in the attack 
in the heads of the saccharine sorghums. The grouping of the attacked 
plants, however, was quite distinct. The area observed in the maize 
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field -was circular and most of the plants in the area were smutted In 
the volunteer sorghum field at Da\ds, on the contrary, the affected plants 
were scattered irregularly throughout the field. As maize production in 
the delta region is comparatively new, it may be that this fungus is of 
recent introduction and finds favorable conditions for propagation in 
these damp, peaty soils, which harbor so many fungous diseases. The 
infested area wiU be kept imder observation. 

W. W. Mackie. 

Personals. Dr. Luther P. Byars has resigned his position as pathologist 
in charge of nematode disease investigations in the Bureau of Plant 
Industry, to engage in business at Marion, South Carolina. 

Mr. Wm. N. Ankeney, formerly scientific assistant in plant pathology 
in the Office of Cotton, Truck, and Forage Crop Investigations, Bureau 
of Plant Industry, has resigned this position to engage in farming at 
Xenia, Ohio. 

IMr. Paul A. Murphy, Field Laboratory of Plant Pathology, Charlotte¬ 
town, P. E, I., has resigned his position as officer in charge of potato 
disease investigation under the Dominion Department of Agriculture, 
and win take up work on April first as assistant with Dr. Pethybridge in 
the Division of Seeds and Plant Diseases in charge of plant pathological 
work in Ireland. Bfis new address wiU be Royal CoUege of Science, 
Dublin. 

IVIr. Julius Matz, who for the past year held the position of assistant 
pathologist at the Insular Experiment Station at Rio Piedras, Port Rico, 
has been appointed chief of the Dmsion of Botany and Plant Pathology 
at the same station. 
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ABSTRACTS OF PAPERS READ DURING THE FIRST ANNUAL 
MEETING OF THE CANADIAN BRANCH, AMERICAN PHYTO- 
PATHOLOGICAL SOCIETY, ONTARIO AGRICULTURAL COL¬ 
LEGE, GUELPH, ONTARIO, DECEMBER 11, IB, 1919. R. E. 
STONE, SECRETARY-TREASURER 

Health and disease in plants. F. L. Dkatton 
A plea for greater study of the host in plant pathological relationships. The 
importance of knowing the substances in the host most easily utilized by the para¬ 
site, and a better understanding of the relationship of host to parasite. A short de¬ 
scription of the factors of envifbnment and the important bearing on disease control 
of lie relationship of a plant to its environment. Types of relative and complete 
immunity, the importance of knowing what constitutes disease resistance, and the 
necessity of having a method of recognizing it, other than by infection experiments. 
Codperation and cobrdination essential factors in plant pathology. 

Decay in the tind>er of pulp and paper mill roofs. (Illustrated by lantern slides.) 
R. J. BiiAIK 

The wood roofs of the Canadian pulp and paper mills are usually renewed every 
eight or ten years on account of decay. The roofs consist of a single layer of wood 
1 to 6 inches in thickness or of two planks separated by an air space. The common 
fault is that moist air enters the spaces between the planks, reaches the upper part 
of the roof, cools'off in cold weather, condensing the moisture, which maintains the 
wood in a moist condition so that it decays. 

Control. Build the roof of red cedar, venlalate the mill to carry moisture away, 
heat the mill with dry air, and place a heat-insulating layer on the upper side of the 
Toof-pianks. 

Butt rots of the haUmn fir in Quehec Province. W. H. Rankin 
T he so-called butt-rot disease of balsam fir is a complex of diseases caused by many 
different fungi. The most prevalent and destructive butt-rot is provisionally as- 
mibed to Pomes pinicola. Butt-rot caused by Polyporus schweinitzii is also common. 
The Pomes pinicola (?) butt-rot occurs mixed with the butt-rot caused by Polyporm 
schvmnitzii, and the earlier stages of these two decays have not been clearly separ¬ 
ated BO that they can be identified with certainty. Four or five other types of butt- 
rot of minor importance were studied but cannot be identified at present. In the 
case of the two common butt-rots, infection takes place largely through the tap root, 
althou^ lateral roots are sometimes infected through wounds. There is a definite 
relation between the rate of growth of the balsam fir and the destructiveness of the 
two common butt-rots. Under conditions leading to fair or rapid growth, l^a than 
10 per cent of the stands were found butt-rotted, and then only a ne^gible amount of 
damage was caused. Under conditions where growth is very slow, especially during 
the first thirty or forty years, the trees are uniformly found to be butt-rotted, ir¬ 
respective of dimneter. Butt-rot was found no more prevalent in regions where a 
heavy moartafity has been experienced during the last ten years, following the bud- 
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worm, than it is in other regions. The same marked relation between rate of growth 
and prevalence of butt-rot held in both cases. Butt-rot was found to be in no way 
responsible for the heavy mortality following the bud-worm infestation. The heavy 
mortality following the bud-worm infestation seemed to be largely due to the phys¬ 
iological effects from which certain trees could not recover, although they were able 
to keep alive a few years. The abnormal mortality was found to have about ceased 
in regions where the bud-worm has been absent for four years or more. 

Needle blight of the white “pine. J. H. FauMj 

Needle blight of the white pine was very prevalent on a large scale in some of the 
white pine forests of Ontario in 1917,1918, and 1919. Experiments and observations 
show that the disease is physiological and not communicable, and that it is related 
to root injury. Young trees under favorable conditions recover; older trees may re¬ 
cover, though more slowly, and a variable percentage, up to 5 per cent, of old trees 
die. 

Witches broom of the Canada balsam and, the altemaie hosts of the cawal organism. 

R. E. Stone 

Attention was called to the wide distribution of the witches broom of the Canada 
balsam and its close relation to a similar disease of European firs. An account of 
culture work was given, showing that the rust (P&rid&rmium elatinum) had for its 
alternate hosts Cerastium vvlgatum L. and SteUaria media (L.) Cyrill, producing 
Melampsorella caryaphyllacearum (D. C.) Schroeter. 

Attention was also called to the witches broom of the spruces and the work that 
had been done in this genus, making it seem probable that the causal organism 
belonged to the same species. 

An appeal was made for viable material from the i^ruces in order to test out more 
thoroughly the relation between the witches brooms on these plants related to the 
balsam. 

The paper was illustrated with charts, photographs, and material. 

Some comparative observations upon the shape of the basidia and the mode of spore dia- 

charge in the Uredineae and the Symmomyeetes. A. H. RegunaiiD BuziIJE!B 

Throughout the Uredineae and Hymenomycetes the spores produced upon the 
basidia are violently discharged. 

DietePs observations (1912) on the violent discharge of the basidiospores of the 
Uredineae have been confirmed and extended to Puceinia graminis. Especial at¬ 
tention has also been paid to spore discharge in Pucdnia malvacearum and Endo- 
phyllum euphorbiae-sylvaticae. The basidia of the grain rusts represented in Eriks¬ 
son’s Fungoid Diseases of Agricultural Plants (1912) were all abnormal in form. 

In both Uredineae and Hymenomycetes, Just before the discharge of abaeddiospore, 
a drop of fluid is excreted where the spore is attached to the sterigms. The drop 
varies in size, according to the species, from one-third to one whole diameter of the 
spore. On discharge the drop is oarred with the spore. Sometimes the drops may 
become abnormally large, and then discharge may not take place. 

In many Uredineae the basidia *are curved and the sterigmata are then placed on 
the convex outer side of the basidium. This causes the basidiospores to be directed 
toward an open space, with the result that, when discharge takes place, the spores 
are shot away so that they escape into free air. The cxurvature of the basidia of the 
Uredineae is therefore fraught with a beautiful physiological significance. 

This communication was illustrated with mod^a of straight and of curved basidia 
and with lantern slides. 
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The pseudorhiza of certain saprophytic and parasitic Agarieineac. A. H. Reginald 
Bullee 

The pseudorhiza is an organ which is developed from the base of the stipe in a 
number of saprophj-tic or parasitic Agaricineae, e.g., in Collybia radicata and Co- 
prinus macrorhlzus. It is known to field mycologists as a rooting base. It is devel¬ 
oped on the fruit-bodies when these originate at the surface of buried roots, etc., 
and it is negatively geotropic. It serves to push up the rudiments of the pileus and 
the aerial stipe to the surface of the ground where they can expand without mechan¬ 
ical hindrance. Light entirely inhibits its development, so that the length of a 
pseudorhiza is always directly proportional to the thickness of the dark substratum 
which must be penetrated. Illustrated with lantern slides. 

A smut of western rye grass. W. P. Fraseb 
This paper describes the morphology and life history of a smut of western rye grass 
(Agropyron tencrum Vasey) which was found to be widely distributed in the prairie 
provinces of Western Canada. The ordmary formalin treatment of the seed gave 
perfect control. 

Some ob’icrvalions made in inspecting for leaf roll ayid mosaic. J. E. Howitt 
During the past tw’O seasons (191S-1919) an effort has been made to improve the 
potato crop in southern Ontario. This involved disease surveys of the potato grow¬ 
ing sections of southern and northern Ontario; a system of inspection and certifica¬ 
tion for disease in seed potatoes; and the testing for disease and yields of potato 
seed grown in northern Ontario, southern Ontario, and New Brunswick. 

The seed from these sources was grown side by side on eighty different plots in 
forty counties of the Province during the past two years, and records kept of the 
percentage of serious disease and yield per acre. The results obtained and the ob- 
*!ervations made during the carrying on of this work may be summarized as follows: 

Seed potatoes grown in northern Ontario are freer from leaf roll and mosaic and give 
larger yields per acre than those grown in southern Ontario and New Brunswick. 
Leaf roll is especially prevalent and severe in the southern and southwestern por¬ 
tions of southern Ontario. In moat sections of southern Ontario, leaf roll appears 
to spread and cause more lop.s each year that the same seed is used. In northern 
Ontario, leaf roll does not seem to spread, nor to increase appreciably in amount from 
year to year in the same stock. L’nder climatic conditions such as we have in south¬ 
ern Ontario, mo.siiic appears to be suppressed .some years; that is, when seed from 
mosaic stock is planted in some seasons, no mosaic is observed in the resulting crop. 
In northern Ontario there appears to be no such suppression of mosaic; it apparently 
appears in infected stock year after year. Mosaic evidently spreads in the one year 
from diseased to healthy plants and one of the chief agents in its transmission 
appears to be the leaf hopper {Empansca malt Le Baron). 

A’etc or littU-'knou'n diseases of potatoes which cause *‘running~out” of seed. (Illus¬ 
trated.! Paul A, SIurphy 

Two diseases are described the effects of which are comparable to the worst types 
of leaf roll or curly dwarf. 

Plants affected by the first disease, called provisionally “crinkle,” are dwarfed, 
light green, bushy, or somewhat upri^t. The leaves are strongly corrugated (but 
not jotted), curve downwards at tips, and brittle. Affected plants are easily dis¬ 
tinguishable from leaf roll, curly dwarf, and mosaic. 
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The second disease, called “leaf diop,” causes extreme dwarfing, gradual death 
of the leaves from below upwards, and premature death. It may be rdentical with 
Appel’s bacter lal rrng disease, and wnth a trouble described by F. C. Stewart. There 
are indications that both diseases are of European origin. Their distribution on 
this continent is unknown. 

Plant diseases and fungi comparatively new oi tate in Ontano. R. E. Stone and 

J. E. Howitt 

New stem rot of tomatoes due to Botrytis sp. This disease was discovered in 
February, 1919. It differs from timber rot by the more extensive lesions and their 
wider distiibution. It does not foim scleiotia readily. Infection takes place only 
under excessively humid conditions and so far the disea'se has been discovered only 
in poorly ventilated greenhouses. 

Blight of tomato seedlings due to Phytophthora infestans (Mont ) de Bary. This 
di'seaee w as present in poorly ventilated seed beds 1917-1918. 

Wilt of egg plant due to Xectna ipomoeae Hals, was widespread this last summer 
and was observ^ed from Sarnia to Ottawa. It was worst on land where egg plant 
had been previously grown. 

Potato w'llt due to T"e? ticillium alboatnim McA. is quite common in southern cen¬ 
tral Ontario, and is easily mistaken for Fusarium wilt. In the field it may be dis¬ 
tinguished from Fusarium wilt by the lesions which occur high up on the stem, and 
the tubers, although showring internal browning, seldom rot. The disease is common 
on Scotch varieties, especially Davies Warrior. 

Bean mosaic was not seen until two years ago, but in 1918 was widespread in the 
province, occurring as scattered plants. 

Cucumber mosaic is met with occasionally but has not yet become prominent. 
It should be watched for. 

Leaf spot and shot hole of cherries and plums are very common, and last spring 
the ascogenous stages were collected at Guelph. Coccomyces Memalis Higgins 
occurred on cherry and Coccomyces prunophorae Higgins on plums. 

Exoascus umlateralis PK. was collected last year on Prunua virginiana L. 

Strawberry leaf blotch or scorch, due to 2Iarasonia potentillae (Desm.) Fiseh, 
seems to be widespread but often confused with the leaf spot. Marasonia potentillae 
(Desm ) Fisch was followed by Molliaia earliana (Ell. and Ev.) Soci. 

Snapdragon rust (,Puccima anthirrini Diet. & Hoh.) continues to be troublesome. 
The disease was introduced on cuttings four years ago. It does not appear to be 
carried on the seed nor to winter over on old plants outdoors, but is carried over in 
the greenhouse. 

Rust of statice {Uromyces limonii (D.C.) Lev.) was sent in the last year. 

For the past two years barley has been badly attacked by leaf spot and streak 
(Helminfhosporium sativum (P.) K. & B (P. Ill & 13) and HI. feres. Sacc). 

Barley has also been attacked by a stem disease, the fungus appearing like a Fusa¬ 
rium but the spores have not been seen. * In some varieties the loss has been os high 
as 20 per cent. 

Oats have also been attacked by Helminihoaporium avenae-saiivae (Briosi & Cav.) 
Lind. 

Blue-grass in some counties presents a stunted and rusted appearance. A fungus 
LeptospMeria culmorum Awd. is present. 

Witches broom of black spruce due to the dwarf mistletoe (Arceuihohivm pustUum 
Pk.) is present in our local swamps. 
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Killing of shade trees with kerosene at Hamilton in 1919. A number of shade 
trees were found to have been girdled by the placing of a band soaked in kerosene 
about the trees. 

Napicladium Tremulae. A new disease of the poplar. A. W. McCaiiIjUM 

This disease, which is well known in Europe, is recorded for the first time on this 
continent. It is characterized by the death of young shoots, which are bent double, 
become darkened in color and dried out, and the discoloration, drying out, and shriv¬ 
elling of the leaves. The causal organism is one of the Pleosporaceae, Didymo- 
sphaeiia populina Vuill. Only the comdial stage Napicladtum Tremulae (Frank) 
Sacc. has been observed as yet. This disease is common in Ontario and Quebec 
and probable elsewhere throughout the range of the poplar. It has been collected 
on Populus tremuloides and P. grandidentata. 

Some data on peach yellows and little peach in Ontario. L. Caesab 

The first appearance of yellows in Ontario was about the year 1874 and of little 
peach about 1895. Great outbreaks* of yellows seem to have centered around the 
years 1881 and 1891. Another combined outbreak of yellows and little peach, but 
chiefly the latter, reached its height about 1911. In that year a new system of train¬ 
ing inspectors was introduced, and as a result of the carrful work done, the number 
of diseased trees was decreased from 60,000 in 1911 to fewer than 800 in 1918. The 
total loss from this outbreak was over $1,000,000. Experimraits were conducted to 
determine possible methods of distribution of the diseases, and the following results 
were obtained: 

1. The use of pits from diseased trees apparently is not a factor in distribution; 
for, though approximately 8 per cent of such pits will grow, if taken from trees still 
vigorous but clearly diseased, yet out of more than 100 seedlings thus obtained, none 
developed s]mipt(Hn8 of disease. All these seedlings were kept for three years and 
13 of ^em for six years. 

2. Buds from affected trees inserted into healthy seedlings and trees produced dis¬ 
ease in the majority of cases but not in all, the exceptions being possibly due to some 
of the buds being taken from very vigorous water-sprouts. Very few of the budded 
trees and seedlings—not over 1 per cent—showed sjrmptoms of disease at the end of 
twelve months; most of them required from twenty-one to twenty-four months, and 
a few even thirty-four to thirty-six months. 

3. Inoculating healthy trees with sap, filtered and non-filtered, from crashed dis¬ 
eased fruit, leaves, and twigs did not produce disease. (This sq}eriment should be 
tried again by a different method.) 

4. Eubbing the bark of diseased branches against the bark of healthy trees until 
both barks were badly ruptured did not produce the disease, even after four years’ 
interval, 

5. The presence for several years of diseased trees in an orchard does not, under 
sox&e emiditione at least, cause the neighboring trees to become diseased; lor 5 trere, 
which, as the result of budding inoculation, showed disease clearly in 1914, were 
left in an orchard until they were dying; yet up to the present only one other tree 
in the orchard, and this one far removed from the affected tree^ has become dis¬ 
eased. Orchard inspection howewer, and the experiaaee oS tiie past, tend to show 
that the presence of diseased trees is at times fraught with great darker and that 
their prompt remcnral is a saf^uard agahmt much loss when a general outbreak of 
either disease occurs. 
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Inheritance of disease resistance in the common bean. G. P. McKostie 
The inheritance, as indicated by crosses between resistant and susceptible bean 
varieties, of resistance to three common bean diseases, anthracnose {Colletotnchum 
lindemuthianum (Sacc. and Magnus) Briosi and Cavara), dry root rot (Fusarium 
phaseoh (Martii) Burk), and mosaic, was reported on. Resistance to anthracnose 
was found to be dominant over susceptibility, while with the other two diseases, 
susceptibility was partially dominant over resistance. The segregation of resistant 
and susceptible plants in the second and subsequent generations followed definite 
Mendelian ratios. A number of desirable commercial types have been isolated which 
show resistance to the three diseases mentioned, and an attempt is bemg made to 
combine resistance to all three diseases m individual plants of various types. 

Abstract of talks given by E. C. Stakman at the meetxng of the Canadian Phytopatho- 
logical Society, at Guelph, Ontario, December 11 and 12, 1919 
The general subject of the discussion was “Recent Progress in the Investigation 
of Cereal Rusts.’' 

The losses from cereal rusts have been enormous during the past several years. 
Quite evidently no adequate control measures were known. Extensive observations 
and investigations have been imder way during the last four years in on attempt to 
ascertain more accurately the exact facts iq,the life history of the cereal rust fungi. 

The results so far have shown rather clearly that cereal rusts overwinter in the 
uredinial stage in the southern part of the United States; but in the northern part of 
the country, while the leaf rusts overwinter readily in the uredinial stage, stem rust 
does so only rarely. 

Extensive observations indicate plainly that a tremendous amount of stem rust 
infection in the spring comes from barberry rust. Control measures, therefore, 
have included an extensive barberry eradication campaign and careful cultural 
methods, including the destruction of weed grasses in so far as posable, careful fer¬ 
tilization, and the selection and development of rust-resistant varieties of grains. 
The task of developing resistant varieties is difficult. This is due to the fact that 
varieties resistant to one rust are not necessarily resistant to another. Further¬ 
more there are so many biologic forms of stem rust on varieties of wheat that breed¬ 
ing becomes a regional problem. 

Little progress has been made in the attempt to determine the real basis for re¬ 
sistance. Facts of such fundamental importance could best be obtained in a Fhyto- 
pathological Institute such as the American Phytopathological Society is now 
attempting to establish. 
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PERONOSPORA IN TURNIP ROOTS 
Max W. Gardner! 

With Pdath XII 

Among turnips in storage and in the local market in Lafaj^tte, Indiana, 
an occasional root was found in February, 1918, showing a dark discolored 
internal region extending down into the root from the crown, which 
appeared in cross section as shown in plate XII, figures A and B. The 
affected tissue varied in color from a light brown (fig. B) to a distinct black 
(fig. A) and was firm and quite turgid. One of these affected roots was 
cut and placed in a damp chamber in the refrigerator. Upon the cut 
surfaces of the discolored tissue there occurred a luxuriant development 
of conidiophores and conidia of Peronospora parasitica. 

Subsequent tests showed that under such conditions the fungus would 
sporulate abundantly on a freshly cut surface of the affected tissue within 
twenty-four hours. Upon prolonged incubation in the refrigerator, the 
sporophores were produced in abundance on what was previously normal 
tissue surrounding the discolored region. This indicated that the fungus 
was enlarging its area of invasion. ^ In one case,, all of the cut surfaces of a 
root bore the aerial fungous growth after three weeks incubation, indi¬ 
cating that the infestation of the tissues had proceeded to completion. 
Such fresh invasion caused only a very light brown mottling and streaking 
of the tissues, not nearly so marked a discoloration as was found in the 
freshly collected specimens. In freshly cut specimens there were indica¬ 
tions that the cortical tissues were not as readily invaded as the central 
cylinder (pi. XU, fig. B). The affected tissue was found to be predis¬ 
posed to rotting by Ehizoctonia and the soft rot bacteria. 

Microscopic examination of razor sections of the affected tissue revealed 
the presence of extremely large, club-shaped haustoria in the host cells. 
Invaded cells are discolored. From the distribution of these discolored 

^Contribution from the Botanical Department of Purdue University Agricultural 
Experiment Station, Lafayette, Indiana. 
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cells, as well as the gross appearance of the tissue, it is evident that the 
infection extends in strands of various shapes and sizes interspersed with 
normal tissue. 

In order to ascertain the relation of the parasite to the host tissue, 
blocks of diseased tissue were fixed and embedded in paraffin. Sections 
15 n thick stained with safranm, gentian violet, and carbol fuchsin proved 
very satisfactory. From the rather scanty intercellular mycelium, large, 
club-shaped, usually dichotomously lobed haustoria are produced within 
the host cells (pi. XII, figs. C and D). In many instances the haustoria 
are much branched, and almost or completely fill the lumen of the host 
ceU. No enlargement nor multiplication of host cells is caused. No 
oospores have been found. 

The spores produced on the cut sm^aces of the roots in the refrigerator 
germinated in tap water very readily at refrigerator temperatures of 8° to 
12°C., less rigorously at 19®C., and, at 23® to 25®C., only a very low per¬ 
centage germinated, of which the germ tubes at twenty-four hours were 
only about one-third as long as those produced at the lower temperatures. 
At 29®C. no germination occurred. 

With a suspension of these spores, a series of atomizer inoculations was 
made on turnip, rutabaga, and radish seedlings. These plants were held 
three days in a root cellar at 10®C. and then removed to the greenhouse. 
In another series the inoculum was rubbed on the cotyledons of tmiiip 
seedlings which were incubated in the refrigerator four days, and then re¬ 
moved to the greenhouse. At the end of turn weeks, five out of twelve 
turnip seedlings of the last series and two out of eleven turnip seedlings of 
the first series were infected and sh(^wed abundant sporulation of Perono- 
spora on the cotyledons. No infection occurred on the rutabagas and 
radishes nor on uninoculated turnips ^d radishes used as controls. An 
unsuccessful attempt was made to transplant the fungus to a soimd turnip 
root by inserting a block of diseased tissue into a freshly made cavity of 
similar size and shape which was then sealed with paraffin. Microscopic 
examination showed that the fungus had not invaded the sound tissue in 
contact with the inoculum. 

Melhus® found Peronospora parasitica living over winter by means of a 
perennial mycelium in Lepidium virginicum. The occurrence of viable 
mycelium of this fungus in turnip roots late in the winter indicates that it 
may also live over winter in turnips which remain in the field. 

Department op Botany 

PiJEDtY: XJNrvEHsiry Agsicultxjbal Experiment Station 
Lafayette, Indiana 

* Melhus, I, E. Pere n n ia l mycelium in species of Feronosporaceae related to 
Phytophthora infestans. Jour. Agr, Res., 6; 59-69. PI. Ill, 1 fig. 1915. 
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Fig 4. Cioss ‘lection of a tumip showing blaclened tissue infected with Perono 
spora parasitica 

Fig B Similar to Eig A, show mg anothei tjpe of lesion browm m coloi 
Fig C Photomicrograph of a section of turnip loot tissue mfected with P& ono 
spoia pa asitica, 'ihowmg the mteroellulai mycelium and the club shaped haustoiia 
withm the host cells (Magnified about 2b0 times ) 

Pig D Similai to Pig 0 (Magnified about 210 times) 
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EXPERIMENTS UPON FORMALDEHYDE-DRIP CONTROL QF ONION SMUT 

J. C. W A L K E B 

Since the increasing importance of onion smut (Vrocysiis cepulae Frost) 
in poatheastern "Wisconsin has necessitated the use of a disinfectant with 
the peed in certain areas to insm*e a crop, the experiments reported here¬ 
with were undertaken to determine the most effective means of control. 
In 1913, when the first experiments were carried out, both the sulphur and 
lime method described by Sirrine and Stewart^ and the formaldehyde-drip 
treatment devised by Selby^ were tried. That season’s results seemed 
sufficient to show the inferiority of the former method, both as to effi¬ 
ciency in controlling the disease and ease of proper application. Further 
efforts were directed diming the foUovidng seasons toward the formaldehyde- 
drip method. The chief practical objection to the latter has been the 
additional load on the hand seeder made necessary when the tank con¬ 
taining the disinfectant is attached. Accordinglj", one of the chief objects 
of the work was to determine the maximum concentration and minimum 
quantity of the solution possible for most effective control of the disease. 

PLAN OP THE EXPERIMENTS 

All of the experiments from 1913 to 1916, inclusive, were performed on 
the same plot of ground. This consisted of an area 475 by 50 feet, 
selected from a badly diseased field in the Racine, Wisconsin, district. 
The ground was nearly level, the soil was a uniform, black, sandy loam, 
and the disease proved to be very evenly distributed. Rows were run 
lengthwise of the field, and the series of treatments was repeated two or 
more times in order to compensate as much as possible for any slight 
variations in the soil. The Red Globe variety of onion was used throughout. 
Seed was planted one-half to one inch below the surface, by means of a 
standard Planet Jr. onion seeder, at the rate of 3 to 4 pounds per acre, 
which is customary in this section for the growing of large bulbs. 

1 Sirrine, F. A., and Stewart, F. 0. Experiments on the sulphur-lime treatment 
for onion smut. N. Y. (Geneva) Agr. Espt. Sta. Bpl. 182, p. 143-172. 1900. 

* Selby, A. D The prevention of onion smut, Ohio Agr. E:q)t. Sta, Bui. 131, 
p. 47-61. 1902. 
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The drip attachment has been changed from time to time during the 
course of the experunents, and since the type in present use has been fully 
described elsewhere,® it need not be considered further at this piont. 

DISCUSSION OF RESULTS 

Since obviously many factors other than the disease influence the crop 
in an experiment of this sort, it is not advisable to depend upon yield alone 
in comparing the efficiency of various treatments. The percentage of 
smutted seedlings seems to be a much better criterion on which to base judg¬ 
ment in this case. Throughout the experiments the amount of disease was 
estimated from time to time. This was usually done by measuring off 
four 20-foot strips crosswise of the plat at equal intervals and count¬ 
ing healthy and smutted plants in these portions of each row. During 
1914 and 1915 such counts, made approximately one, two, and three 
months after planting, showed that in both seasons the maximum amount 
of disease in all the treated plots was secured at the second count, that is 
in the last part of June. The decline in the percentage of diseased plants 
after this date was due to the death of infected seedlings. In the results 
summarized in table 1, counts made at this time of the season are given, 
except for 1913, ■when the first counts were not secm'ed until August. 

In 1913, three strengths of formaldehyde were used, namely, liquid 
ounce of the concentrated solution (37 to 40 per cent) to one gallon of 
■v\*ater (1:256), 1 ounce per gallon (1:128), and 2 ounces per gallon (1:64). 
It is clear from the results given in table 1 that the strongest solution gave 
the best control, as indicated by both the amount of smut and the final 
yield, while the weakest solution had practically no effect on the disease. 

In 1914, the w'eakest solution was dropped from the schedule, while a 
stronger one (1:32) was added, and, in addition, the amount of liquid was 
varied (118 and 236 gallons per acre). In the case of both quantities the 
1:32 solution caused a reduction of stand, and, moreover, the control of 
the disease was no more complete than in the case of the 1:64 solution. 
The low yield in the case of the 1:64 solution applied at 118 gallons per 
acre could not be satisfactorily explained, but it is evidently not due to 
seedling injmy, since the same strength at 236 gallons gave a much higher 
yield. Considering the percentage of disease, the latter strength at 236 
gallons is the best of the series, although the 1:128 solution at 236 gallons 
per acre and the 1:64 solution at 118 gallons gave nearly as good results. 

In 1916, attention was confined to the 1:128 and 1:64 solutions applied 
at 118 and 236 gallons per acre. As indicated in the previous season, 

m 

•Walker, J, 0. Onion diseases and their control. "O'. S. D. A. Fanners’ Bui, 
1060, p, 1-24. 1919. 
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the disease was controlled much more effectively when the larger quantity 
was applied, and in this case the weaker solution (1:128) gave as satisfac¬ 
tory results as the stronger (1 .d4). 

In 1916, experiments parallel with those carried out by Dr. I. C. Jagger 
in New York were planned, and consequently the details of treatment 

TABLE 1 


Summary of results of jormaldehyde control experiments. Racine, Wisconsin, 1919-191 ff 


1 

D KTiu OP 
POWING 

NUM¬ 
BER or 
PLOTS 
USED 

NUM¬ 
BER OF ! 
BOTVS 
PER 
PLOT 1 

STRENGTH OF 
SOLUTION 

NUMBER OF 

G PER 

\CRB 

A.MOtrNT or SMUT 

PIN4L 

TIELD 

IN 

BUSH¬ 
ELS PER 
ACRE 

Date of ob¬ 
servation 

Per 

cent 

1913 

April 22 

5 

2 

Untreated 


August 6 

24 0 

325.2 

1913 

April 22 

2 

2 

1-256 

118d= 

August 6 

27.5 

340 8 

1913 

April 22 

2 

2 

1-128 

118± 

August 6 

5.6 

505.9 

1913 

April 22 

2 

2 

1-64 

118± 

August 6 

2.6 

688.3 

1914 

April 23 

5 

2 

Untreated 


June 30 

62.0 

86.4 

1914 

April 23 

2 

2 

1-128 

118± 

June 30 

13.4 

344.4 

1914 

April 23 

2 

2 

1-64 

118± 

June 30 

10.3 

282.9 

1914 

April 23 

2 

2 

1-32 

118± 

June 30 

11.5 

215.8 

1914 

April 23 

2 

2 

1-128 

236=1= 

June 30 

10.2 

295.9 

1914 

April 23 

2 

2 

1-64 

236=t 

June 30 

6.2 

409 2 

1914 

April 23 

2 

2 

1-32 

236* 

June 30 

6.3 

298.8 

1915 

April 14 

3 

2 or 4 

Untreated 


June 25 

62 5 

400.6 

1916 

April 14 

2 

2 or 4 

1-128 

118* 

June 25 

28.5 

633.6 

1916 

April 14 

2 

4 

1-64 

118± 

June 25 

15 3 

721.6 

1915 

April 14 

2 

4 

1-128 

236=b 

June 25 

4 3 

746.7 

1915 

April 14 

2 

4 

1-64 

236± 

June 25 

3 6 

654.2 

1916 

April 24r-27 

10 

1 

Untreated 


June 19 

54.9 

72.9 

1916 

April 24-27 

3 

1 

1-175 

70-100 

June 19 

43.1 

117.1 

1916 

April 24-27 

4 

1 

1-125 

81-100 

June 19 

29 0 

163.8 

I 

1916 

April 24-27 

4 

1 

1-76 


June 19 

13.7 

1 177.6 

1916 

April 24-27 

4 

1 

1-175 

128-160 

June 19 

31.4 

181.8 

1916 

April 24-27 

4 

1 

1-126 

134r-150 

June 19 

24.2 

207.4 

1916 

April 24r-27 

4 

1 

1-76 

131-166 

June 19 

14.6 

206.3 

1916 

April 24r-27 

3 

1 

1-176 

200-224 

June 19 

17 7 

291.5 

1916 

April 24-27 

4 

1 

1-125 

197-200 

June 19 

6.8 

850. S 

1916 

April 24-27 

4 

1 

1-75 

193-198* 

June 19 

7.1 

247.0 


were changed slightly. The desirability of applying larger amounts was 
again brought out, and when approximately 200 gallons per acre were used, 
the 1: 125 strength gave the best control. Experiments in whidi the 
quantity was increased to more than 236 gallons were not performed, 
since this represents the approximate limit which can be practically 
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handled on a common hand seeder, and the control is complete enough for 
general purposes when this amount is used. 

It may be concluded from these data that for the section concerned at 
least, approximately 200 gallons of solution per acre will give the most 
satisfactory results, and that there is no advantage in this case in increasing 
the concentration above 1:128 (1 liquid ounce per gallon or 1 pint to 16 
gallons). Where there is serious objection to using this amount of liquid 
because of difficulty in application, the quantity may be reduced to 120 
to 150 gallons, but in this case the concentration should be increased to 
1:64 (2 liquid ounces per gallon). Eaising the strength of the solution 
beyond this point, however, entails danger of reduction of stand due to 
seedhng injury. 

It is very probable that numerous environmental factors, such as type 
of soil, temperatui*e, and moisture, influence more or less the effect of for¬ 
maldehyde upon both the fungus and the host plant. Some of these 
perhaps have significant practical bearing and should be considered in 

TABLE 2 


Besvltfi of commercial application of 1:128 formaldehyde for the control of onion smut 


TEAR 

aUJUO^S?EB \CEC 

PER GE\T PL ANTE DISEASED 

1 

yield, BtrSHELS PEB ACBE 

Treated 

Untreated 

Treated 

Untieated 

1916 


15 0 

43 5 

328 

203 

1917 


2 3 

52 2 

544 

200 

191S 


2 S 

60 0 

682 

186 


making general recommendations for a wide ai'ea on the basis of experi¬ 
ments in one locality. The conditions following sowing also vary from 
year to j^ear in the same locality. For instance, there was rainy weather 
immediately after the experimental plots were planted in 1914, while in 1915 
no rain fell for eighteen days after sowing was completed. In the former 
year there was little or no retardation of seed germination in the treated 
plots, while in the latter all the treated plots were distinctly slower in 
starting off than were the checks. Moreover, in 1916, where the fimflllftr 
quantity of solution was used, the control of the disease was much less 
pronounced than in similar plots the previous year. 

However, it is not believed that this or other factors are influential 
enough to seriously limit successful control of the disease by this method 
in the KKstion concerned, an^ probably the same statement holds for other 
northern onion-growing regions. As further substantiation of this tentative 
conclusion, data are cited in table 2 which were taken for a period of three 
years from a badly diseased field in the Racine district, where a-1:128 
formaldehyde solution was applied. 
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In sov7mg onion seed for sets, as they are grown in the Wisconsin, 
Illinois, and Indiana sections by the single row method, about twenty 
times as much seed is used per row as in the case of large bulb production. 
This fact does not necessarily alter the quantity of formaldehyde solution 
to be applied, since the same amount of soil surrounding the seed is to be 
disinfected in either case. Furthermore, results secured with the use of 
the above formula by onion set growers in both the Racine and the Chicago 
districts indicate that it is satisfactory for use with this crop. With the 
multiple-row system, in use in certain onion sections, a different formula 
will be necessary. 

Department of Plant Pathology 
University of Wisconsin 
Madison, Wisconsin 



A NEW CORN SMUT IN WASHINGTON 
B. F. Dana, and George L. Zttndel 
With Fottb Figures in the Text 

Occurrence. In the fall of 1919, a smut of com (Zea mays L.) not pre¬ 
viously knovai to occur in Washington was found by the writers in the 
vicinity of Pullman. The S 3 Tnptoms and microscopic characters of the 
disease showed that it was not the common or boil smut of com but was 
identical with the head smut of sorghum caused by SphaceloOieca reHiaina 
(Kuhn.) Clinton. 

Two widely separated fields were found to be affected, one field showing 
40 per cent of smutted plants. “Thayer’s yellow dent” com was the 
variety grown in each case, the seed having been selected from locally 
grown stock for a number of years. One grower stated that smut occurred 
on his com “every year” but it cannot be said with certainty that head 
smut occurred before the present season in Washington, either on com or 
■ sorghum, the more common host for this disease. We have no reports of 
the disease w’est of Nebraska or Texas. However, a disease having the 
symptoms of head smut has been seen by one of the writers in Utah, on 
sorghum, although a definite determination of the fungus was not made. 
The fact that the disease has occurred, as far as is known, only on locally 
grown stock makes the manner of introduction difiBicult of explanation. 

Description. Head smut has received full treatment at the harids of 
. Potter ^ but moat attention was given to the disease as it occurs on sor¬ 
ghum. Butler 2 gives a detailed description of head smut on com as it 
occurs in India. Below is a somewhat detailed description of head smut 
on corn as it occurs in Washington. Sori or smut masses were observed 
in ears and tassels only. In one field tassds were most commonly affected, 
smutted ears being rare. In the other field the reverse was tme. 

The majority of the tassels showed black, powdery smut masses, in¬ 
volving more or less of the whole inflorescence (see fig. 1). In a few cases 
sterility was produced, accompanied by a dbtinct proliferation of the 
flower parts and the tassel as a whole. Figure 2 shows this development. 
The production of leafy shoots in the place of normal parts is clearly shown. 

1 Potter, A, A. Head smut of sorghum and maize. Jour. Agr. Res. 2:339-372. 
1914. 

* Butler, E, J. Fungi and disease in plants. Pp. 199-201. 1918. 
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Tia 1 TvssnL Showing thp UstTA-i. Effect or He\d Smut 
Fig 2 T\ssel Showivc STEiuxiTi and Pkomfehvtion 
Fig 3 A Smutted E'^r Shominc the CH4RA.cTiiBiSTio FiBEBb 
Fig 4 STERiUTi and Prolifer vtion in the Ear 

The only smut spores produced m this eai are to be seen m a small mass near the 
top of the figure 
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TMtliin some of these shoots there was a mass of smut spores not apparent 
from the outside. Figure 3 shows the usual effect obseiwed on the ear. 
The whole ear is involved and the charactei'istic “fibers” running through 
the mass are clearly shown. This character alone would be sufficient to 
distinguish it from the common smut caused by Z^stilago zpae (Bcckm.) 
Unger. A very common occurrence was the production on a smutted 
plant of abortive ears at the nodes below the main car. These were 
usually completely smutted, some .showing, however, irregular, leafy 
grovdh. In one case observed, leafy growth involved the whole car, as 
show'n in figure 4. The nature of this proliferation is es.sentially the same 
as was .shown in figme 2 on the tas.sol. In a small .'section of one of the 
leafy shoots there was a small jna.ss of .‘'inut .sjDores. This can be .seen near 
the top of figure 4. Tliese figures bring out strikingly the fact that head 
smut may produce .-^ori in the ta.ssels and cars or may cause abnonnal 
development in these parts. Affected plants were not as tall or thrifty as 
nonnal ones, and exhibited a rather uniform dwarfing effect of the fungus. 
Borne instances were observed where a noimal ear wms produced on a 
plant showing smut in the tassel. Many plant.s were seen where the ear 
was smutted and the tassel was normal; however, in one field where 
special study of .sjTnptoras w’as matle the oar was generall}’' affected where 
the tassel .show’ed the smut masses. It is hoped that conditions wall not 
be favorable for the spread of head smut in Washington. 

Agrk'ultural Experiment Station 
Pullman, Washington 



COIX SMUT 


C. C. T H O M 4. S 
With Oxn Fighed in the Tent 

The appearance of a clibease, pi e^^oll'5ly iinrepoitod in tins conntiv, in 
the Plant Qiiaiantine Greonhou'^o of th(* United State«! Depaitment of 
AaiieuUme is of special inteiest to all who are eoncemed with the pre¬ 
vention of the introduetion of new diseases into this country. 

Coix smut ( Vdilnqo coia^ Bn'f.) has recently appeared on a plant tp'own 
from one lot of seed of Coi r hchryma joh sent in by Dr. W. H. Weston of 
the Office of Cereal investiaations from Kalasunaay, Mindanao, Philippine 
Islands. 

The patholo 2 ,ieal inspectors of the Federal Horticultural Board ordered 
tins lot of seed growm in the quarantine greenhouse as a precautionary 
measure, inasmuch as it came from within the territoiy covered by Quar¬ 
antine No. 24, which prohibits the impoitation of Zea mays and its rela¬ 
tives from cci’tain Oiiental countries, as a protection against the downy 
mildews of corn. 

The seed was planted April 14. 1919, and the plants grew’ to a height of 
ten feet before flow^ering. The disease wns first obseiw’ed December 29, 
1919, at which time the plants had ahnost finished flow’ering. There were 
fom’ euhiis in the pot in w'liich the disease appeared, only one of which 
was diseased. One culm did not flower, and the flowers on the other two 
did not set seed. 

Our knowledge of the life histoiy and distribution of this disease is very 
imperfect. It W’as first described by Brefeld,^ his specimen having been 
received from Barclay of India. Butler - reports that it has since been 
coUeeted in Bombay and Java. He further states that no information is 
available rcgaiding the amount of damage caused by the disease, but that 
it may cause considerable loss, since it entirely destroys the grain. 

There is a specimen of this disease in the Office of Pathological Collec¬ 
tions of the United States Department of Agriculture, w'hich w’as collected 
by Kiisano in Japan in 1904. 

Eveiy grain of a diseased head is converied into a black spore mass with 
a slight increase in size, which in some cases may reach almost twice the 

1 Brefeld, O. Untersuch aus d. gesammtgeb. D. Mykologie, 12, p. 110, 1895. 

® Butler, E. G. Fungi and Disease in Plants, p. 242,1918. 
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vizc of the noimxl The giain maA be bidlj dcfoimed oi it maA be 

\lmo t noiiml in outwud appc ii ma as is shown In the photogi-iph 
fiv, 1) Ihc'ipoic mass '■m i oundi d In i incinbiane and is moie oi less 



Fir 1 Smutted Head or Cort lachrama jobi 

Vll ^rams hire show n are filled w itli a black apoie mass Photographed b\ E L 
Crandall 


hidden ba the glumes The lea\es and poitions of the culms adjoinmg 
the diseU'sed giains iie distorted and bent The smut also appeals on the 
'*ulm aMsshownaen distmctlj bj thf photogiaph (fig 1) 
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The spores are dark brown, round or slightly oval, and have an echinulate 
epispore. Measurements of the spores in this material correspond very 
closely to those given by Brefeld (7-9/i). 

The spores have been germinated without difficulty on ordinary blotting 
paper moistened with tap water and placed in a moist chamber. A 
typical four-celled promyceHum is ^produced, and terminal and lateral 
sporidia are produced, which in turn may bud off secondary conidia. In 
some cases the primary sporidia elongate into a septate filament which 
buds off secondary conidia, terminally or laterally, near the septa. 

Brefeld describes the germination of the spores after being kept in moist ‘ 
earth two years and then sown in a nutrient solution, but he failed to get 
germination in water. Butler reports the germination of the spores in 
Java in water and in a nutrient solution immediately after ripening. 

The life history of the causal organism is unknown and it would be diffi¬ 
cult to say in this case whether it was introduced by spores on the seeds or 
by dormant mycelium within. 

Bureau of Plant Industry 
Washington, D. C. 



4BX0IQIAL GROWTH INDUCED BY CHLORAL HYDRATE SOIL 

TREATMENT 

Carl Habtlet 
With One Figure in the Text 

In soil-tieatment experiments conducted by the writer and Mr. S. C. 
Bruner in western Kansas in 1914, primarily for the purpose of securing 
data on the damping-off disease, seedlings of western yellow pine {Pinus 
ponderosa) exhibited an unexpected reaction. A number of plots were 
sown in a very light, sandy soil containing httle humus and practically 
neutral as shown by^ hydrogen-ion determinations by Dr. L. J. Gillespie. 
Two of these plots were treated with chloral hydrate in quantities of f 
and i®tr ounces per square foot, respectively (0.076 and 0.172 kgm. per 
square meter). The applications were made in aqueous solution three 
days before sowing. A fair number of seedlings appeared above ground 
in all of the plots in this series by seventeen days after the seed was sown. 
In the five untreated plots, and in plots treated with dried blood, bone- 
meal, ether, carbon bisulfid, sulfuric acid, formaldehyde, methyl alcohol, 
and ethyl alcohol, the seedlings were normal in appearance. In the 
chloral hydrate plots the number of seedlings appearing was only three- 
fifths as great as in the two nearest untreated plots (sown with equal quan¬ 
tities of seed and from the same lot) and many of the seedlings were strik¬ 
ingly abnormal in size and form. Typically abnormal seedlings from these 
plots are shown in figure 1, A and figure 1, C, shows a seedling of normal 
type for comparison. The affected seedlings were taller than normal 
plants, and the cotyledons and the first juvenile needles were partially 
fastened together, forming imperfect cylinders. The cotyledons were 
longer than those of normal seedlings. The loss from damping off in the 
chloral hydrate plots was distinctly heavier than in the untreated plots— 
47 per cent of the seedlings against 26 pa: cent in the two nearest untreated 
plots. 

The size and form of pine seedlings during the first few weeks after 
germination are relatively constant. Hundreds of seedbeds of P. ponderosa 
and other conifers have been observed in differenb parts of the country, 
and following soil treatments with acids, hydroxides, salts, and organic 
substances. In no other case was so abnormal a development found. 
Occasional seedlings of both P, ponderosa and P. resmosa germinated in 
autoclaved soil containing compost have been found with adhesions be- 
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tween two or three cotyledons, which do not break up untal two or three 
weeks after the seedhngs appear. In the autoclaved soil as in the chloral 
hydrate plots the seedlings showing the adhesions were generally above 
normal size. The adherent epidermal surfaces after separation appeared 
normal. 

It is of course impossible to say whether the striking abnormality in 
the chloral hydrate plots was due to a direct effect of the chloral hydrate 



Fig. 1. Seedlings of Pinos pondbrosa 

A and B, from a seed bed which has been treated with chloral hydrate; C, normal 
type from a neighbormg untreated bed. Natural size. 


or one of its denvatives on the seedhngs, or to some indirect effect. The 
fact that the tests were in a coarse mineral soil suggests the possibility 
of a direct effect. In both the chloral hydrate plots and the autoclaved 
soil-compost mixture the amount of soluble organic matter was presumably 
above average. 

Ofitce of Investigations in Forest Pathology 
U. S. Bureau of Plant Industry 
Washington, D. C. 



A BATTERY OF CHAMBERS WITH DIFFERENT AUTOMATICALLY 
MAINTAINED TEMPERATURES 

B. E. Livingston and H. S. Fawcett 

ABSTRACT 

This paper calls attention to the need for a number of maintained temperature 
chambers that may be operated simultaneously, for studies dealing with the relations 
of temperature to growth, etc. The mam essentials of a battery of seven such 
chambers, constructed in 1916-1917 at the Laboratory of Plant Physiology of the 
Johns Hopkins University, are described. A suitable rectangular tank is divided 
into ten compartments, the first bemg for ice and Vi-ater and the second and tenth 
bemg for water, with automatically controlled electric heaters and stirrers. The 
seven intervening compartments contain the cylindrical culture chambers, each 
supplied with water-jacket and stirrer. Water does not circulate from one compart¬ 
ment to another, but the water of each compartment^ (excepting the first) is mechan¬ 
ically stirred. Access to the chambers is had from above and the motor-driven 
stirring mechanisms and heating units are connected below. Suitable insulation 
and an outer case for the whole series are provided. 

In operation, the water of one heated compartment is kept at a lower tempera¬ 
ture and that of the other heated compartment is kept at a higher temperature; 
the seven intervening culture chambers assume and maintain different temperatures 
between the two selected extremes. One setting had the two controlled tempera¬ 
tures fixed at 5** and 45^0., respectively, and the maintained temperatures of the 
culture chambers were 7.5®, 13.5®, 18.5®, 245®, 30®, 35.5®, and 40®C. After a 
prelimmary period of less than 48 hours, during which a steady state is estab¬ 
lished, the apparatus operates indefinitely^ with fluctuations in any chamber of not 
over 0.6®C. A table of growth rates of the fungus Phytophihora ferrestria on corn- 
meal agar for the seven maintained temp^atures just mentioned, is appended. 

****** 

The experimental study of the influence of temperature upon physio¬ 
logical processes requires a number of distinct chambers, each with its own 
controlled temperature, so that a whole series of different temperature 
conditions may be tested simultaneously. This need has been felt espe¬ 
cially in connection with certaia lines of study in pathology and bacteri¬ 
ology, as well as in many lines of physiology. Numerous makes of cham¬ 
bers, or incubators, with automatically controlled temperature have made 
their appearance on the apparatus market during the last decade, while 
other devices have been specially constructed in various laboratories; but 
considerations of expense have thus far generally prevented the simul- 
taneons use of a considerable number of these. Mde from the matter 
of cost, moreover, a really satisfactory incubator usually occupies so much 
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space that the room needed for a battery of them is frequently in default. 
On the whole, it may be said that, up to the present time, there are com¬ 
paratively few laboratories for pathological or physiological experimen¬ 
tation in which as many as five chambers with reliably controlled tempera¬ 
ture may be brought simultaneously into service. 

Being impressed by the veiy great need for a much more thorough under¬ 
standing of the physiological relations of temperatm'e than is now available, 
and being convinced that productive enquiry into this fundamental field 
of physiological science requii’es, in the very first place, such a battery 
of temperature-controlled chambers as has just been suggested, we have 
attempted to satisfy om* needs by constructing a series of these in the 
Laboratory of Plant Physiology of the Johns Hopkins University. This 
paper deals with some of the essentials of their construction and operation. 

Chambers with temperature control may be classified primarily in two 
categories: (1) those in which light is allowed to act on the experimental 
organisms or material, and (2) those from which light is excluded. Ob¬ 
viously the second kind offers far less practical difficulty than the first, 
and the chambers to be described below were planned as dark chambers. 
Each of these two categories of chambers may be further subdivided into 
two general classes: (a) those in which the selected temperature is main¬ 
tained for long periods of time, and (b) those in which a definite rate of 
temperature change is proyfided for by automatic controls. So far as we 
are aware the latter kind of appai'atus has not yet been seriously attempted, 
Ibhough it will become essential as soon as the influence of rate of im'pera- 
ture change upon organisms begins to attract attention. Our apparatus 
belongs essentially to the former class. It was our aim, then, to devise 
and construct a battery of dark chambers, in each of which ihe tempera¬ 
ture would be automatically maintained for any desired length of period. 
The series was to be as compact as possible, and access to each chamber 
was to be independent and as easy as might be. The size of chamber 
chosen was such that the smallest form of thermograph now on the market 
(the one taking record sheets 22 X 6.5 cm., made by J. Bichard, Paris) 
might operate within the chamber and still leave plenty of room for cul¬ 
tures, etc.; it is highly desirable that every thOTmostaric diamber have 
its own individual thermograph. Since the consensus of experience in 
temperature maintenance points cleauly to the employment of the water- 
bath type of chamber, on account of the enormous specific heat of water 
and the ease with which temperature differences within the same chamber 
may be avoided by circulating this liquid, each of our chambersis surrounded 
below and laterally by a considerable mass of continuously circulating water. 
Access to the chambers is had from above, which fact, together with other 
considerations, has made it impracticable to water-jacket the tops. Ex- 
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perience has also shoe’ll that the electric current is by far the most satis¬ 
factory'' source of heat for such temperature control as is here desired, and 
this was adopted. From our own experience, and that of many others, 
w'e determined to employ mercury-contact sensitive members in our 
thermostats,^ and the type actually employed, with perfect satisfaction, 
is that devised by Hasselbring and manufactured by H. J. Green, Brooklyn, 
N. Y. These beautiful and efficient little instruments may be set to hold 
any temperature that may be desired in biological work, and they appear 
to operate indefinitely without any alteration, so that they require no 
attention after they have been once adjusted. This type of sensitive 
member far surpasses many other forms that have been described, in pre¬ 
cision of operation and in prolonged reliability. Since our aim was to 
attain the desired end with as little expense as possible, and since the par¬ 
ticular degi'ees of temperature (on any particular thermometer scale) 
represented in such a series of chambers are generally of no practical un¬ 
importance in experimentation—^temperature being a contimums vari¬ 
able—we have employed only two thermostats for the entire battery. 
The temperatm*es of the two ends of the series are alone thermostatically 
controlled, and the intermediate chambers assume temperatures deter¬ 
mined by the temperature-gradient that exists between the two ends. 
Finally, it is generally necessary to employ some temperatures markedly 
below that of the air surrounding the apparatus, so that some form of 
heat-absorber is requisite. We have employed the primitive method of 
allowing melting ice to absorb the superfluous heat at the cold end of the 
series. 

The foundation of the apparatus is a rectangular tank of galvanized 
sheet-iron 4.2 m. (15 feet, 9| inches) long, 51 cm. (20 inches) high, and 
46 cm. (18 inches) wide, divided into ten conpartments by cross-partitions 
of the same material. The compartment at one end is the ice tank, large 
enough to hold ice for a run of a day or two. The second and tenth (last) 
compartments are small, being only 23 cm. (8 inches) in length, measured 
on the axis of the large tank. Each of these is supplied with two double 
stirrers and with a thermostat. The intervening seven compartments are 

^ The word thermostai is loosely used by many ■vvriters, to denote either (1) the 
sensitive member of the temperature-controllmg system, (2) the whole apparatus, 
moluding the chamber 'walls, 'the controlling arrangement and the chamber space, 
or (3) the chamber space alone. We here employ the word in neither one of these 
three senses, but use it to denote the complete system that controls the heat supply. 
In this sense the thermostat consists essentially of three parts, the sensitive member, 
the heating member and the mechanism through which the former controls the 
heat supplied by the latter. In this sense the word becomes parallel with klinQstat 
and heliostc(t^ meaning the whole mechanism by which the condition considered is 
maintained. 
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each 43 cm. (17 inches) in length, being nearl 3 ' square as seen from above. 
Each of them is provided T\ith an internal, vertically placed, galvanized 
sheet-hon cj’^linder closed at the bottom and raised about 6 cm. inches) 
above the floor of its compartment. A suitable' stirring mechanism is 
introduced through the bottom of each of these cj'linders, and two stirring- 
rods extend upward close to the lateral wall, being bent (in inverted U- 
form) so as to clear the free edge and then extend downward, on the out¬ 
side, as far as the bottom of the cj^linder. The outer limbs of these rods 
are continual^ moving around the cylinder, circulating the water of the 
compartment. The water-jacket continues beneath the cylinder, so that 
the latter is completely surrounded bj’" water, excepting for its open top. 
The whole large tank is suitably encased and is insulated with a 6.6-cm. 
(234 inches) layer of plasterer’s hair at sides, ends and bottom. Each com¬ 
partment has a removable top, built up of several layers of thin wood and 
wool felt, and each of the seven culture compartments (third to ninth, in¬ 
clusive) has a circular opening in its top through which is suspended a ver¬ 
tical lining cylinder (of multi-perforated, tinned sheet-iron), which is 
within the cylinder already mentioned, reaching nearly to the bottom of 
the latter. This lining cylinder has a bottom of perforated material but 
it is freel}’^ open at the top. Around and below it is air-space, and the 
inner limbs of the stirrer rods move between the lining and the outer 
cylinder, thus tending to keep the air of the culture chamber (within the 
lining chamber) in slow but constant motion. The lining cj'linders are 
provided with suitable removable lids, for easy access to their interiors. 
Cultures, etc., are placed on wire racks fitting in the chambers. 

The amount of water used is a very important feature in determining 
the constancj’' of the temperatures within the several chambers. The 
ice compartment holds about 138 liters (39 gallons), each electrically heated 
compartment holds about 36 liters (10 gallons), and the water-jacket space 
about each culture chamber holds 39.5 liters (11 gallons) of water, when 
all are filled to the water level determined by the overflow openings. 

All stirrem are operated by a single electric motor, bjr means of belts 
and puUej^s underneath the whole apparatus and thus entirely out of the 
way. 

As has been said, thermostatic control is applied only at the two ends 
of the series of chambers, in the two small compartments (second and 
tenth), the water of each one of these two compartments being held at 
its own pre-determined temperature. Suitable relays are employed for 
the thermostats. The maintained temperature of the first directly con¬ 
trolled compartment is somewhat higher than that of the ice compartment. 
Ice is added at intervals, usually daily. The other controlled compart¬ 
ment (tenth) has a temperatiue higher than that of the one next to the 
ice. 
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Since the princip'e upon which this battery of chambers is constructed 
is that of a maintained temperature gradient between the two ends of 
the series, it follows that constancy in the several chamber temperatures 
depends upon the prelnumary establishing of a dynamic heat equilibrium 
between the two heated compartments. It also depends, of com’se, on 
the constancy of the rate of loss or gain of heat laterally, upward and 
downward, through the walls of the series. These latter rates are kept 
nearly constant by making them as small as possible, through insulation. 

When the apparatus is started, or when a change in the temperatme 
range has been made, it requires about 24 hours (never over two days) 
to establish the permanent temperatme gradient, and the system must be 
operated idle until this is accomplished. After a steady condition of 
temperature has been attained the apparatus operates indefinitely, with 
the daily addition of ice, and with a total range of temperature fluctuation 
in any chamber of less than half a degree centigrade. 

The following statements are appended as an example, showing how 
the apparatus may be employed to obtain a growth-temperature curve 
for a fungus growing on agar plates in petri dishes. The thermostat of 
the compartment next to the ice compartment was set to maintain a 
temperature of 5°C., and the thermostat of the other heated compartment 
was adjusted for a temperature of 45®C. In less than 48 hours the inter¬ 
vening culture chambers had each assumed a practically steady tempera¬ 
ture, as shown by the thermogi’aph records. These temperatures were 
maintained, with a total range of not above 0.5®C., during a period of 
six days. Petri dish cultures of the fungus Phytoplithcra ieirestria on corn- 
meal agar showed the following average daily radial growth rates (mm.) 
in the seven chambers respectively. 


MAIKTUXED TEMPEHATTOB 
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It is seen that the minimum maintained temperature for growth was not 
encountered for any day of the period, but it is evident that this mini¬ 
mum would not have been much below 7.5®, especially for the first 
day. The maadmum for growth clearly lay between 36.6® and 40° for 
all four days, apparently becoming lower with succeeding days. The 
optimum temperature for the growth of this organism, as here dealt with, 
may be considered as about 30®. 




















REVIEl^-S 


Les Vanillieres de Tahiti et Moorea is the subject of a 44-page report 
b}' Dr. E. P. !Meineckc, published for the Chamber of Agriculture of these 
islands in 1916. 

In the introduction it is noted that at least twenty-five fungous para¬ 
sites have been reported on vanilla, many of these occurring in Tahiti 
and Moorea. The plantations of these islands were reported to be in a 
wi'etched condition as shown in the following: In 80 per cent of the fields, 
the plants were weakened by the over-production of the pods; in 90 per 
cent, the plants were derived from exhausted vines; 70 per cent of the 
plantings were more or less ruined by the chickens, the pigs and the horses; 
80 per cent of the plantations suffered from too much sun or too much 
shade; in 90 per cent of the plants were wounds caused by the laborers; 
in 60 per cent, protection from the sun was neglected. 

Vanilla plants grown under such conditions as outlined in this intro¬ 
duction w’ou d seem to be subjects proper for a horticulturist rather than 
for a ph 3 i;opathologist, but Dr. hleinecke has treated the subject entirely 
in a practical way. In the first chapter he describes in detail the needs 
of the vanilla plant or the proper environment for it in order to avoid 
diseases. In the second chapter he fii’st treats of sun scald, degeneration 
of the plant, and injuries, or in other words such injuries as would not 
happen if the plants were grown under proper conditions; then of the 
insects, none of which seem to be serious, but included are an aspidiotus 
on the leaves, stem and young fruits, a wooly plant louse {Pucerons 
lanigeres) upon the vine and upon the petioles, ants, a nodcrolepidoptera, 
a curculionid, and others of less importance The parasitic diseases are 
then discussed; these include Cuscuta, common but not serious, the 
anthraonose, the most serious of all and due to Gloeosporium vanillae 
Massee, connected with other forms and given other names also but these 
mycological questions are not settled. The anthracnose attacks leaves, 
steins and fruit but does not seriously injure vanilla grown under the 
most favorable conditions. The author, however, does not go into det^ 
as to what conditions are most favorable for the fungus, nor as to re¬ 
sistant varieties. He mentions Pusarium as attacking the young growth, 
and speaks of bacteria associated with the rot of the bark and leaves. 
He did not find Uromyces joffnn% JSeuraiia coffeicola, nor Seuratia vaniUae, 
which had been reported from Tahiti. The Capnodiaceae are mentioned. 
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Under the thii’d chapter, which is on the control of the diseases, is dis¬ 
cussed sprajdng. but the author appears to consider it impracticable. 

Under chapter 4 on the Culture of the Vanilla, is described the amount 
of shade or sunlight desii’able. the renewal of the plants, the selection and 
planting of the cuttings, nurseries, layering, distance of planting, care of 
the vines, and fertilizing of the flowers 

Doubtless the object of the paper is attained in emphasizing the neces¬ 
sity of certain conditions for the growth of the plant. It is certain that 
this is of prime importance. It is, however, to be regretted that more 
specific information was not obtained as to the specific pests and diseases 
which attack this plant. 

John R. Johnston 
PHYTOPATHOLOGICAL NOTES 

'' A seed-home Sderotium and its relation to a rice-seedling disease, A 
seedling blight of rice that developed in the plats of the rice experiment 
station at Crowlej’, La., in 1914, was found by Dr. H, B. Humphrey to 
be due to an organism belonging to the Mycelia sterilia group of fungi. 
It was characterized by very small black sclerotia and a white sterile 
mycelium. In culture the fungus closely resembled the Sderotium men¬ 
tioned by Godfrey^ as the cause of a leaf disease of rice, but no relationship 
between the two has been established. Later studies by the writer 
showed the seedling-disease fungus to be associated constantly with rice 
seed grown in Louisiana, particularly with the varieties Honduras and 
Blue Rose. Honduras rice gi*own in California, however, did not carry 
the fungus on the seed even though the original California sowings were 
made with Louisiana seed. In a single experiment, the fungus could not 
be isolated from Louisiana seed one j^ear old, thus indicating that the 
fungus died during the course of the year. Seeds of several varieties from 
a lot of Chinese rice exhibited at the San Francisco Exposition in 1915 
carried what appeared to be the same fungus. 

The fungus under consideration was found not only upon the surface 
of the seed but embedded within and beneath the seed coat in the form 
of minute sclerotia. Seedling plants from surface-sterilized infected seed 
grown in sterile culture tubes quickly succumbed to the effects of the 
fungus, while plants from similarly treated non-infected seed W’ould re¬ 
main green for weeks. Gean plants grown in pure culture in tubes, inocu¬ 
lated with the fungus at the crown or roots, showed the same effects as 
those grown from naturally infected seed. Plants grown in pots and flats 
in the greenhouse were less susceptible to attack by the fungus than those 

^ Godfrey, G. H. Preliminary notes on an heretofore unreported leaf disease 
ofrioe. Phytopathology 6:97. 1916. 
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grown in the laboratory. E%’idently the greenhouse conditions were more 
favorable to plant growth and less favorable to the fungus, while in cul¬ 
ture tubes the conditions were exactly the reverse. Such exact require¬ 
ment on the part of the fungus for favorable conditions for development 
in order to do serious damage was repeatedly observed in various circum¬ 
stances. However, many sowings of naturally infected and artificiallj’^ 
inoculated seed in the greenhouse resulted either in the production of 
weak plants, from which reisolations were made, or in failure to produce 
plants at all. 

It was found that Jensen’s modified hot-w'ater treatment, namely, 
soaking in cold water for four hours and then treating with water at 54°C. 
for ten minutes, was capable of killing the fungus in hulled seed without 
materially injuring germination of the seed. This indicates the possibility 
of using some specially adapted modification of the hot-water treatment 
as a means of securing disease-free rice seed. 

Owing to a change of duties the writer was obliged to discontinue 
further work on rice diseases. All notes on this, as well as on straight- 
head and other rice diseases, were turned over to his successor. Dr. W. H. 
Tisdale. 

G. H. Godfrey. 

Errata. Dr. F. D. Fromme calls attention to two important errors 
which appeared in the dates of dust applications in bulletin 223 of the 
Virginia Agricultural Experiment Station on “Dusting Experiments in 
Peach and Apple Orchards.” 

The date March 23, on page 5, should be April 23. 

The date May 8 should be inserted in the Schedule of Applications on 
page 12. 

Mr. F. Y. Rand calls attention to two errors in the article on “Some 
Insect Relations to Bacillus traeheiphilus, Erw. Sm,” published in Phyto¬ 
pathology for March, 1920. 

On page 133 the footnote reference in line 5 should be 3. 

On page 138, in lines 7 and 36, December should be November. 

Personals. Dr. Pier Andrea Saccardo, the distinguidied mycologist 
and Professor Emeritus of the Royal University of Padua, Italy, died on 
the twelfth day of February, in the seventy-fourth year of his age. Pro¬ 
fessor Saccardo was a member of numerous academies and societies, 
both Italian and foreign, and is of comse known to all pathologists and 
mycologists by his great Sylloge Fungorum, a compilation intended to 
include descriptions of aU the published species of fungi of the world. 

Dr. E. T. Bartholomew has resigned as as^tant professor of Botany 
at the University of Wisconsin to accept a position as assistant professor 
in Plant Pathology, in the Graduate School of Tropical Agriculture and 
Citrus Experiment Station, Riverside, Calif. 
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REPORT OP THE MEETING OF THE AMERICAN PHYTOPATHOLOGICAL 
SOCIETY, PACIFIC DIVISION, HELD AT PORTLAND, OREGON, 

APRIL 2o AND 26, 1919 

The meetings were held at the Imperial Hotel following the Pine Blister Rust 
Conference for the West, held during the two days preceding at the same place. All 
of the meetings were well attended, the register showing forty names of persons 
from Ontario} British Columbia, Washington, Oregon, Idaho, Utah, and California, 
as weU as a number of pathologists from Washington, D. C., and other parts of the 
country. 


American Phttopatholoqicai. Socibtt 

PACIFIC DIVISION 

Friday and Saturday, April 25 and 26, 1919 

PROGRAM 

Friday, April 25 

Morning Session—9.20 a.m. 


TREE DISEASES 

Problems in forest pathology. Haven Metcalf. 

Peridermium harknessii and Cronartium quercuum. Contribution II. B. P. 
Meinecke. 

The oak fungus disease and orcliard wood decay. W. T. Horne. 

Round Table discussion of tree diseases. Informal notes from various members. 
Some species of Uredinoles with many aeciol hosts. Ellsworth Bethel. 

4ft6rnoon Session— 2.00 p.m. 

m 

DISEASES OF TRUCK CROPS 

Some studies of VerticUlium wilt of potatoes. M. B. McKay. 

Notes on three cabbage leaf spots in the San Francisco Bay market gardens. Eliz> 
abeth H. Smith. 

Observations on the bacterial blight of field and garden peas in Montana.—Read by 
title. H. M. Jennison. 

Some fungi found in Utah soils.'- G. L. Zundel. 

Open discussion on miscellaneous diseases of truck crops. 

Saturday, April 26 


Morning Session—9.30 a.m. 
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CBSEAli DISBAS£S 


RoU Call. 

Studies on the injurious effects of seed treatment on different varieties of wheat in 
Oregon, Jessie P. Rose 

Some preliminary physiological studies on formaldehyde treated wheat. W. M, 
Atwood. 

Limitations of formaldehyde as a fungicide for seed wheat. Anna M Hurd. 

Seed injury from fungicides and saprophytes determined by the physical conditions 
of the seed coats. Anna M. Hurd. 

The distribution of the two species of stinking smut of wheat in Oregon. Jessie P, 
Rose. 

The distribution of the species of wheat and oat smut in Washington, Idaho, and 
Utah. G. L. Zundel. 

The smut shower of Washington. G. L. Zundel. 

The effectivene.ss of the Haskell method in the treatment of oats and wheat. F. D, 
Heald, 

Some experiments with the covered smut of oats. F. D. Heald. 

A preliminary note on the foot rot of cereals in western Washington. B. F. Dana. 
The black chaff disease of wheat in Montana—^Read by title. H. M. Jennison. 
Open discussion on miscellaneous diseases of cereals. 

Business meeting of the Society. 

Afternoon Session —2.00 p.m. 

The use of corrosive sublimate in treating seed potatoes. G. R. Hill. 

Some experiments on the control of onion smut in Oregon. H. P. Barss. 

Dusting versus spraying for disease control in the Hood River Valley. LeRoy 
Childs. 

New dusting materials. R. E. Smith. 

Blackhoart of apricots. Helen L. Gzarnecki. 

Studies on the Sclerotmia of apricots. Edith H. Phillips. 

Artificial infections of pear and apple blight through the leaves. F. D. Heald. 
Blight resistance in Pyrus. F. O. Reimer. 

Sume results with disinfectants in blight control work. F. C. Reimer. 

Pear blight control in the Rogue River Valley. O. C. Cate. 

A new dormant spray for San Jose scale, blister mite, aphis eggs, etc. 0. C. Cate. 
Spraying for apple anthracnose. 'Arthur Frank. 

Open discussion on miscellaneous fruit diseases and their control. 


{Phytopathology for May (10 : 273—319, Plate XI) was issued Juue 1, 
1920.] ‘ 
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THE APPLE BLOTCH AND BITTER-ROT CANKERS 

John W. Roberts 

The apple blotch canker caused by Pkyllosticta solitaria E. and E. and 
the apple bitter-rot canker caused b 3 ’^ GlomereJkt-cingulata (Stoneman) 
Spaulding and von Schrenk have been discussed by various writera, but 
chiefly as sources of infection in connection with the diseases on the fruit.» 
The present paper is a discussion of the cankers as such, with little regard 
to then importance as infection sources. 

THE APPLE BLOTCH CANTCEB 

As affecting the life of the tree, the blotch canker is not, as a general 
thing, entitled to veiy serious consideration. The lesions are small and 
persist for a relatively short time. They are not sufficiently numerous 
to cause much damage in the commercial orchard wliich receives several 
sprayings each 3 ^ear. In poorl}’ cared-for orchards, es]^ciall 3 ’- in the 
southern portion of the iMiddle West, many twigs may be severel 3 ' injured 
and even killed. In the case of such susceptible varieties as Northwestern 
Greening and ^Slissomi Pippin, the trees themselves may become ’so 
thoroughly infested over a tenn of 3 '’ears that eventually they are killed. 

The blotch canker first appears as a raised, black, blister-like spot on 
a twig or water-sprout of the cmTent 3 ^ear’s growth. It may become 
slightly sunken with the approach of autunm, but usually it continues 
somewhat raised above or level wnth the adjacent health 5 »‘ tissues until 
the following summer and often thi'oughout its life. As the twig or water- 
sprout matm*es the canker becomes lighter colored; and finall 3 ’’, in its 
second 3 'ear, assiimes a Hght tan color in the older or central portion with 
a dark border denoting the extent of the second yearns growth. 

1 For references to the literature dealing with these cankers see: Roberts, John W. 
Apple blotch and its control. U. S. Dept, of Agr. Bui. 643, 1917. The sources of 
apple bitter-rot infections. U. S Dept, of Agr. Bui. 684,1918 
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Infection can take place only on the young branches of the current 
year’s grovv’ih. Vigorously growing water-sprouts are especially suscep¬ 
tible. The writer has at different tinaes attempted to inoculate older 
twigSj both by spraying them with water containing spores and by insert¬ 
ing spores beneath the bark. In no case have infections followed these 
attempts. On the other hand, the young green twdgs of the current year 
when sprayed with water containing spores have invariably become' in¬ 
fected. Inoculations through slits have been unsuccessful even in these 
twigs. The manner of infection has not been determined. It may be 
that the germ tube is able to penetrate the young and tender epidermis of 
the presence of stomata may be necessary for infection. 

Though the spores germinate readily, subsequent development is very 
slow, six to eight weeks elapsing after inoculation before the cankers 
become visible. During the year in which infection takes place and dur¬ 
ing the earlier part of the following year, Phyllosticta solitaria is apparently 
actively parasitic. It increases the size of the infected area, and most 
of the cankers are free from other fxmgi. After this time, however, the 
fungus makes little if any fui-ther growth. Other fungi invade the can¬ 
kered area and form their fruits on its surface. 

During its first year, the fungus appears to make some growth during 
the dormant season of the host. By the first of May in the Ozarks the 
canker has expanded considerably and the fungus soon reaches the limit 
of its development. 

Toward the end of the second season and especially in subsequent sea¬ 
sons one is apt to find the fruiting bodies of species of Phorna or other 
fungi abundant in the old canker, with a paucity or more often an entire 
lack of the pycnidia and spores of Phylhsticta solitaria. Apparently the 
tissues of the host have changed so that they are able to resist further 
invasion by the last named fungus. It is possible that the fungus is no 
longer able to absorb the necessary food materiaJSj either becaiae of the 
thickened walls of the host cells or because of the osmotic pressure changes 
within them. It is probable, moreover, that the more firmly compressed 
tissues of the host prevent or check the further intercellular development 
of the’fungus. The hyphae, very slow growing even under the most 
favorable conditions, then would be cut off from proximity to young, 
thin-wailed cells, which alone they seem able to parasitize. Under such 
conditions one would expect, as indeed does occur, the copious formation 
of fruiting bodies eventuallj’’ foUowred by death. The h 3 q)hae are of com¬ 
paratively large diameter and grow quite slowly, even in the tissues of’ 
very young twigs. A cheek in growth might eaiy cause their death by 
leaving them remote from the supply of nutrient materials. 
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Late in September, 1918, Ben Davis twigs of the current year infected 
with blotch were removed from the tree and used as material for sections. 
Appropriate lengths of these twigs were fixed in a mixture of picric acid, 
mercuric chloride and alcohol and demineralized in hydrofluoric acid. 
They were then dehydrated, embedded in celloidon, sectioned and stained. 
The most satisfactory stain used was the Pianeze Illb as recommended 
by Vaughan .2 This stain gave excellent differentiation and was m every 
way very satisfactor 5 ^ 

The hyphae within the tissues of the host are intercellulai’ and of rather 
large diameter in proportion to their length. The tips are broad and blunt, 
often being broader than the main portion of the hj’phal thread. 

The infected cells are those of the cortical parenchjmia, and the cambium. 
It is apparent therefore, that only thin-waUed, not fully differentiated 
parenchymatous or meristematic tissues are invaded. The cells in the 
diseased area are filled with gum and are for this reason easily distin¬ 
guished from cells remote from the infected area. Since only tissues 
* composed of young, thin-walled cells are affected, the reason why only 
the young green growth of the current year is susceptible becomes apparent. 

Pycnidia containing spores were found in the sections, some of them 
being located so far beneath the epidermis and so deeply embedded in 
the host tissues as to suggest that they may be bhnd pycnidia, f.e., pycnidia 
which would not reach and rupture the epidermis. 

In orchards that are regularly sprayed for the prevention of blotch in¬ 
fections on the fruit, the cankers gradually decrease in number until the 
trees are nearly free from them. The spraying prevents the formation 
of new ones, and the older ones, in which the fungus soon dies, heal over. 

By coating the 3 mung twigs with the spray, infection by the fungus is 
largely prevented and hence few new cankers can be formed. Also, 
sprasdng, by preventing infections on the fruit, lessens in number the sources 
from which could arise spores capable of bringing about twig infections. 

THE APPLE BITTEB-ROT CANKER 

♦ 

The direct damage to the tree by this canker is usually slight except in 
the case of unusually susceptible varieties, but beside its importance in 
connection with bilter-rot of the fruit, its non-occurrence in certain sec¬ 
tions in which bitter-rot is prevalent and its peculiar host relations make 
it of interest to plant pathologists. The writer has discussed these phases 
of the subject somewhat in detail in a previous paper.* 

* Vaughan, R. E. A method for the dMerential staining of fungous and host cells. 
Annals Mo, Bot, Gard. 1:241-242. 1914. 

* B>oberts, John W. The souroes of apple bitter-rot infections. tT. S. Dept. 
Agr. Bui. 684^ 1918. 
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The canker begins by lodgment of the spores of the fungus in a wound 
or in a dead area. If conditions are favorable, i.e., if moisture is present 
and the temperatm'e is high, germination and subsequent infection take 
place very rapidly. "Wlren inoculations are made in mid-summer the can¬ 
ker becomes e'^’ident in a week or less. About the inoculated point, a 
rim of blackened bark appears, which may within a month attain a width 
of 50 mm. As the weather becomes cooler, gi’owth ceases. In one scries 
of inoculations there was no further growth after the first of August, the 
temperature being cool throughout the remainder of the season. In¬ 
oculations made in the autumn were unsuccessful. 

As soon as increase in the size of the canker ceases, a layer of callus 
begins to form at the mai’gins of the canker, which by mid-summer of the 
year following has rather well isolated the cankered portion of the bark. 
In this way the host usually prevents further growth of the canker, since 
the callous la 3 "er not only prevents spread of the initial canker but also 
effectivelj’ prevents the occurrence of new’ infections. The fungus lives 
and fruits in the isolated canker during the first and second j^ears, but in 
the thii’d j'ear it was found to be dead and the lips of the callous layer 
nearly closed over the wound in nearlj’ all the cankers artificially produced 
by the writer. In the case of especially susceptible varieties, such as 
Givens, the cankers may pei’sist for many years. Givens does not start 
growth until verj’ late in the season, often two weeks later than most 
varieties, and is peculiarlj’- lacking in vigor. Cankers on the branches of 
Givens are often of large size and show the usual characteristics of the 
bitter-rot canker, i.e., a blackened, depressed area with the bark clinging 
tenaciouslj’^ to the w’ood. Thej’ also show concentric rings indicative of 
their age. 

On Jime 28, one-year-old Ben Davis twdgs were inoculated by intro¬ 
ducing spores of the fungus into the bark through slits. By the first of 
Aug;ust there was about the slit a blackened band 5 mm. wide, which after 
that time did not increase in size. By October the margin of the canker 
had begun to show slight rifts, indicating that the host had formed a cal¬ 
lous layer about the dead area. On October 2, appropriate lengths of 
these cankered tw-i^ were removed and after treatment with hy’drofluoric 
acid and a misrture of glycerine and alcohol were sectioned without embed¬ 
ding. In all the sections the mycelium was found to be intercellular. In 
no ease could a single filament be foimd within the cells. Hyphae were 
also found in the portions of the cankered bark which were adjacent to 
and sometimes clinging to the layer of callus, indicating that the growth 
of the fungus had kept pace with the death of the ceDs and that the cessa^ 
lion of development of the canker was not due to isolation of the fungus 
throu^ the death of cells in advance of its growth. As before stated, 
cessation of growth was probably due to the lack of the high temperature« 
necessary for the development of the fungus. 
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In the section.", even when viewed macroscopicallv, the most noticeable 
thing was the brov n coloration of the diseased portion due to the formation 
of gum within the cellb. In the cankered portion gmn permeates the tis¬ 
sues at least as far as and often includes the pith. Even the cells of the 
outermost layer of the callus contain slight deposits of gum, which was 
probably formed originally within cells that by later dmsion took part 
in the formation of caUus. It is, of com'se, most abundant in the bark 
and cambium but it is also to be found in the -wood and especially in the 
pith rays. So filled with gum are the last named that they appear as 
yeUowish-brown bands running through the wood from pit to cambium. 
They are in sharp contrast with the bright, silvery wood, which is only 
flecked with the yellowish-browm gum, an effect due not to the absence of 
gum in j;he lumina but to the thickness of the cell walls and consequent 
relative smallness of the lumina. In the vessels the gum is bright yellow. 
It is doubtless the gum whieh causes the dead bark to adhere so tena¬ 
ciously to the underlying tissues. The callus is the usual wound callus 
described by rnanj' investigators. It is composed of laj^ers of thin-walled 
suberized cells and is able to isolate the canker, as the sections show, in a 
sm’prismgl 3 '' short time. The number of laj’^ers composing the callus va¬ 
ries from six to tw^elve even in the same section. 

A scries of inoculation experiments made bj' the writer has indicated 
that there is considerable difference in the susceptibilitj’ of different varie¬ 
ties to infection. York Imperial proved to be practicall}’ immune while 
Yellow ]\’’ew'ton W’’as almost as resistant. Ben Da\ih, Jonathan, Missouri 
Pippin, Grimes Golden and Winesap wer’e moderately susceptible but 
WTre not nearij'^ so &u.sceptible as Givens. 

As before stated, bitter-rot cankers are usually rather short hved. Inocu¬ 
lation experiments show, however, that while the cankers on j'oung, vigor¬ 
ous twigs or w'ater-sprouts ai*e usually healed over bj’- the third year, and 
are cliiefly dangerous as infection somves during the second j'^ear, in the 
case of older, slow'-gi'owing branches there is not the same vigorous de¬ 
velopment of callus and the canker may therefore be relatively long-lived. 

Bitter-rot cankers are most easilj* found dming the dormant season 
w’hen they are not concealed bj’' foliage, or at the time when the first 
infections appear on the fruit. Cankers, when present, maj’ often be 
found just above clumps of the earliest affected fruits. Dm*ing and im¬ 
mediately after a series of years in which bitter-rot has been severe in 
orchai'ds of the southern part of the Middle West, bitter-rot cankers are 
usually fair!}’- abundant. Otheiwise thej’- are relatively scarce and hard 
to find. Usually the wrriter has found them most numerous on the variety 
Givens, but they are often abundant on Jonathan and Ben Davis. 

BuEEAir OF Plant Industry 
U. S. Department of Agriculture 



OBSERVATIONS ON THE DISTANCE OF SPREAD OP 
AECIOSPORES AND UREDINIOSPORES OF 
CRONARTIUM RIBICOLA 

Walter H. Snell 

As part of an mtensive campaign to get definite data on several points 
in the life history of Cronartiim ribicola, the -writer undertook certain 
phases of the problem of the distance of spread of the aeciospores and ure- 
diniospores. The -work was carried on xmder the general directidn of Dr. 
Peiiey Spaulding, in charge of the scientific investigations on the white 
pine blister rust by the United States Department of Agricultm*e. The 
present paper deals -with results obtained in the Adirondack Mountains, 
New York, in 1918, and near Rush Lake, Minnesota in 1919. These 
results -were obtained by the employment of indirect methods. Spores 
were not caught in traps, but obseiwations were made upon natural infec¬ 
tions on pines and Ribes under the proper conditions. The investigations 
were undertaken with a view to obtaining data on the potential distance of 
spread of the spores. In the case of the aeciospores, some such e-vidence 
was obtained, but drought conditions prevailing at the time of the obser¬ 
vations upon the urediniospores changed the aspect of the investigation 
from the potential distance of spread to that of behavior under dry con¬ 
ditions. 


DIST^VXCE OF SPSEAD OP AECIOSPORES 

East of Rush Lake in !Minnesota in the spring of 1919, an area favorable 
for making the desired observations was located. Rush Lake is crescent- 
shaped with its east and west and the horns of the crescent to the 
south. Within the semicircle to the south of the Lake is a large scattered 
pine infestation, and to the southeast and east of this lies an area of several 
sections almost devoid of pine. It is level country, mostly cultivated farm 
land and meadow, with some hardwood woodlot and pasture, and some 
hardwood and tamarack swamp. In this area there were many “centers” 
of infection with no pines within one-half to one mile. In one large por¬ 
tion of this area a Ribes center was found on June 12, one and one-quarter 
miles from any pine whatever. The first uredinia were located in that 
area on June 6, and inasmuch as twelve to fifteen days is the incubation 
period for the uredinia of Crmcertivm ribicola under the most favorable 
conditions, any uredinia found within ten days after the finding of the 
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first uredinia of the season were considered of the fir st generation, Daily 
search for uredinial infection was being made in this immediate "vdcinity 
by several scouts and there could, therefore, be no doubt but that the first 
uredinia were located about as soon as they appeared. 

The inspection of the pities was done in the spring. In the fear that 
there might have been some more pines in the heavily leaved hardwoods 
or in the tamarack swamps then impenetrable because of abimdance of 
water, another inspection of the area was made in November after the 
leaves were off the hard\voods and tamaracks, and when the swamps were 
frozen. Inspection made imder these more favorable conditions revealed 
no pines vithin the radius of one and one-quai-ter miles. Hence, there is 
no doubt but that the aeciospores had to travel at least this one and one- 
quarter miles m order to infect this particular bush. 

The weather conditions during the spring of 1919 near Rush Lake were 
verj'^ moist and hence very favorable for the spread of the rust, and pre¬ 
vailing westerly winds spread most of the infection east and southeast. 
The center used for distance determination was by no means the only one 
found. It was one of many infected bushes on the outer edge of the fan¬ 
shaped zone of infestation spreading to the east and southeast from the 
original pine center. At the distance of one to two miles, infected bushes 
could be quite readily found in the 'wood-lots. These facts are presented 
to show that the center chosen was not merely a single fai*-flo'wn infection 
and therefore quite out of the ordinary, but -was one of many in a zone 
more than a mile from the nearest pine and full}’’ three miles from any pine 
at present kno'wn to be diseased. It is reasonable to assume that beyond 
this zone in which many infected bushes were found there should have been 
scattering infections for some little distance. In fact, some infections 
wore found up to the 14th day follo'wing the finding of the first uredinia of 
the season, but it was deemed proper to include as definite first generation 
infections only those found within 10 days. 

Obseiwations made near the '\’iilages of Essex and Whallonsburg in 
Essex County, New York, in 1918, gave similar results. The most prom¬ 
ising situations were surveyed, and on June 15, before the second genera¬ 
tion of urediniospores appeared, many first generation centers were lo¬ 
cated near the central points of the larger areas. It was a simple matter 
to establish aecium-free areas with a quarter mile radius, that is, centers 
consisting of first generation uredinia one-quarter of a mile from any pine 
whatsoever. Little attention was paid to these, however, as longer dis¬ 
tances were sought. Center J had no pines whatever within 1240 yards— 
nearly three-quarters of a mile. The center consisted of but one uredinial 
spot upon a l^ihes cynoshati bush on the edge of a small swamp surrounded 
by meadowland, more than half a mile from miy road. Centers E and F 
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had no pines at all T\ithin 800 yai’ds and onlj" one within 1100 yards. 
This pine was a small one fifteen feet tall. Close inspection revealed no 
bhster rust, and 'several R. cynosbah bushes in the fence-row nearby not 
only had no disease at the time of inspection, but remained healthy all 
summer. Center A lilcevise had a small pine 15 to 20 feet tall within a 
half-mile radius. The pine grew’ bythe side of a road and had been trimmed 
so that there W'as not a great amount of foliage. It was easily climbed 
and inspected minutely, and found to be free of infection. Three R. cy- 
noshat? bushes directly under it were uninfected at that time and remained 
so all summer. With reference to centers E, F and A, it is probable that 
there were no aecial infections within the maximum distance given. 

In considering the above cases it may be assumed that the wind carried 
the aeciospores through the an- at least one and one-fourth miles in one 
instance, although it may be objected that the spores might have been 
brought b}' other agencies, such as vehicles, dogs, horses, cattle, etc. 
In the ^Minnesota study, such possibilities are very remote. There were 
too many infected bushes over too wide an area to be attributed to such 
agencies, especially when there is a heavily infected pine lot in the vicinity. 
In the Xew York area, the three-quarters-mile center was more than half 
a mile across hay meadows, where neither vehicle nor animal transmission 
need be considered. 

Fmdher objections may arise with reference to the possible overwinter¬ 
ing of spores of Cronartium nbtcola, which might stai’t infection of the 
Ribes at distant points from diseased pine. The possibility of C. ribicola 
spores retaim’ng then viability through the winter has been demonstrated 
by iMiss Dosdall (1) in the case of aeciospores, and by York and Spaulding 
(2) and !Miss. Taylor '3} for m’ediniospores, but thus far, there is no case 
on record in wiiich it has been proved that overwintering spores have 
startetl natural infections on Ribes. And furthermore, while it is possible 
that isolated infections might arise from overwintering spores, no one has 
yet maintained that overwintering could he responsible for infections on 
such a scale as at Whallonsburg in New York, where 25 per cent of the 
bushes over ten or twelve square miles were diseased, to say nothing of 
the much more intense infection at Rush Lake in Minnesota. 

SPREAD OF UREDINIOSPORBS DURING A DRY SUMMER 

Late in June, 1918, in Essex County, New York, just prior to the ap¬ 
pearance of the third generation of urediniospores, the relatively slight 
degree of infection of the Ribes bushes in an area where the pines were 
generally affected was so pronounced as to invite further attention. It 
w'as expected that by the last of June the third generation would have 
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appearerlj accompanied by considerab¥ di''Semination of the di'^cape. 
What n'as actually found, however, T\a'! that the tliiixl ceneration appeared 
^ome days later than was expected and that it had not sprung up cither 
over a wider area or much more heaxdly u-ithin the area restricted by the 
bounds of the primaiy uredinial infection. Infection-- were found to be 
confined to the same bushes noted as infected earlier in the season and not 
to have spread to nearby bushes, and said infections w’ere sdU confined 
to portions of the bushes within a small radius of the primaiy infections. 
Some bushes, of com’se, W’^ere entirely infected, but it was evident that 
they had been heaxdly and generally infected by aeciospores at first. 
Other bushes showed but one isolated branch infected, perhaps one ex¬ 
tending out from the body of the bush. Still others showed localized 
infections of spherical or conical shapes, with the first generation of ure- 
dioia at the center of a group of leaves or at the apex of a cone of infected 
leaves. 

Two plots, one at Lewis, and another at WhaUonsburg, New York, 
were put under observation. The plot at Lewds consisted of ninety-nine 
bushes of JRibes cynoshasti and R. rotundifoUum beneath and around two 
infected pines to a distan,ce of about 100 yards, partly in medium aged pine 
growth and partly in open pasture. The plot at WhaUonsburg included 
about seven square miles and was for the most part open country under 
cultivation, with very little land as woodlot. There was one lot of culti¬ 
vated red currants. The wild Eibes were few in number and found scat¬ 
tered in woodlots and pastures, but for the most part along fence rows. 
The species were R. cynoabati, R. rotundifolhm and R. americarmm. In 
aU, there were 102 bushes under observation. The indixidual bushes were 
tagged and niunbered, and notes made on the condition of each bush, 
whether infected or not, the amoimt and extent of infection, and whether 
the infections were localized and restricted or general over the bush. Ob¬ 
servations were made and notes taken thereafter every two w’eeks until 
the end of the season.^ As the results w^ere much the same for the two 
plots, even as to percentage of infections, etc., they will be discussed 
together and discrepancies will be pointed out. The more salient facts 
are presented in table 1, 

Of the 201 bushes in both plots, 111 were infected by the aeciospores in 
the spring as shown by the number of generations of uredinia on the leaves 
at the time of the first observations. Of the ninety bushes not diseased 
in the spring, only nine (eight at Lewis and one doubtful case at WhaJlons- 
burg) contracted any disease during the summer. The remaining eighty- 

The final set of observations were made by Dr. L. H. Pennington and Mr. D. M. 
Benedict, because of the premature closing of the wiiter’s work in that section. 
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one were still disease-free in the fall. Six of the eight bushes at Lewis 
were very slightly infected, having only two or three leaves diseased. Two 
bushes were moderately infected. In the case of these eight bushes at 
Lewis there is the possibility of dissemination by horses and cattle pas¬ 
tured in the lot, or by berry-pickers. Eight bushes (five at Lewis and 
three at Whallonsburg) found diseased in July were not diseased in Sep¬ 
tember, probably because the infected leaves had fallen off. 

There was very little dissemination from diseased to healthy bushes 
during the summer, and the spread within the originally infected bushes 
was slow and restricted in most cases. That is, the spread was what might 
be termed localized, in contradistinction to a general spread. In fourteen 
of the bushes at Lewis, the spread was general; the leaves became infected 
all over the bush so that there were no well-defined centers or groups of 
diseased leaves. In the centers or groups of leaves, more or less spherical 

TABLE 1 


Covibined results of the observations on dissemination of the urediniosporea of Cronar- 
iium I'lHcola during the dry summer of 1918 at Leivis and Whdtlonshurg, New York 
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69 
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45 

0 

14 

Whallonsburg. 

■■ 

62 

mm 

43 

0 


Totals. 

201 

111 1 

112 

88 

9 

14 


* Eight bushes at Leswis uninfected in the spring contracted the rust during the 
summer, hut five of those originally infected in the spring lost their infected leaves 
and u ere not diseased in the fall. At Whallonsburg, one new bush became diseased, 
but three of those diseased in the spring were not diseased in the fall. 

or conical in shape (cf. “infection cone” in case of bitter-rot of apple 
(4), p. 37, (5), p. 12, and (6), p. 576), the original dried-up lesions with 
browned and dried uredinia could usually be made out, surrounded by 
lesions with their uredinia in various stages, from old to fresh, bright- 
colored ones. Such centers or groups of infected leaves appeared as if the 
whole had originated from one or more uredinial spots, presumably from 
aeciospore infection, and that then each succeeding generation of uredinia 
had sprung up quite locally and within a very short distance of the pre¬ 
ceding sporulating uredinia. At the time of the third generation of ure- 
dinia, the case was ^^erj- plain. The new uredinial spots and uredinia were 
bright and fresh (third generation), there were a number of older uredinia, 
brown and faded in color with the spots drying up (second generation), and 
in the midst cf all these, one dried leaf or more bearing old darkened ure- 
dinia (the first generation). Such local infections—using “infections” here 





















1920] 


Snell; Ceonartium Ribicola 


363 


to signify these definable groups of infected leaves—^were observed during 
the course of the summer, and it was evident that they preserved their 
individuality for the most part until late in August, increasing a little in 
size with each generation until all the leaves on the bush were attacked. 
As mentioned, fourteen bushes at Lewis were infected generally early in 
the season. Nine of those at Whallonsburg did not develop any more 
disease than was evident in the spring. But the remaining eighty-eight 
all gave e\’idenee, both at the time of the third generation in early July 
and during the remainder of the summer, of this restricted, localized 
uredinial dissemination. 

Intensity of the disease within the different bushes is a different matter, 
for dissemination might be general and yet not be very intense, or local¬ 
ized and yet heav 3 ^ The point to be brought out is that in about 70 per 
cent of the cases (70 in 102) where any^ increase in amount of disease was 
evident during +he season, the rust, though spreading slowly and quite 
locally, proceeded to the point of defoliating the bushes. 

From a similarity of results obtained from the two quite different plots, 
it appeared as if the dissemination of the blister rust on the Ribes was 
quite materially checked in this locality in 1918. One would naturally 
turn to the weather conditions for an explanation. The summer of 1918 
was a dry one in Essex County, New York, particularly around Lewis 
where it is very sandy. Up to the middle of July there was an abundance 
of rain, but from July 17 to September 3 it was hot and dry. There •were 
but few showers and there were four stretches of fopr to seven days with¬ 
out any rain at all. There were but three generations of uredinia betw'een 
the first of July and the middle of September, the third about July 20, the 
fourth about August 19, and the fifth about September 12. The month 
of September was one of rain and high humidity. During this period the 
generations of uredinia could not be so easily distinguished because there 
was plenty of moistm’e to induce the formation of uredinia at any time. 
Much of the season’s increase of disease upon the Ribes occurred at this 
time. It appears, therefore, that dry weather is likely to prevent gen- 
ei’aJ dissemination of the white pine blkter rust by urediniospores. 

STJMMABT 

Observations show that the aeciospores of C.ribicola can be blown more 
than one and one-fourth miles and infect Ribes. One center noted was 
one and one-quarter miles from any pine whatsoever. 

Dry weather prevented a wide distribution of the disease by uredinio¬ 
spores during the sumer of 1918 in Essex County, New York. 

Office of Investigations in Forest JPathologt 
Bureatt op Plant Industry 
Washington, D. C. 
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HEAT INJURY TO BEANS IN COLORADO 

H. G. A C AI I L L W 4. X D L. P. B T \ It s 
With One Fioere in the Tent 

In Colorado the month of June, 1919, was marked by quite PN+reme 
conditions of tempeiaturc. The month began i\ith a record-breaking 
cold snap. At Greeley the thermometer fell to 29° F. on the second, and 
28° F. on the thiid. At the end of the month hiah tempeiatures were 
experienced for a fen days. The thermometer ro.'«e to 102° F. on the 
28th, and 104° F. on the 29th. For the month, as a whole, the tempera¬ 
ture avciaged about normal. 

These extreme conditions were e\ddent in the appearance of the vege¬ 
tables. The early planted crops were quite badly frosted, especially those 
in the seedling stage. Beans are usually planted about the middle of May 
or soon thereafter, and were in the tender, seedling stage on the second of 
June when the frost came. Tins killing fro.st made neeesssarj’ the reseed¬ 
ing of considerable areas, which was clone as soon as seed could be pro¬ 
cured and planted. The planting of the second crop was done between 
the fifth and twelfth of June. 

At the end of the month the second-crop beans were in the seedling stage, 
just acquiring the first two leaves or bringing them to full size. In fields 
on sandy land a very serious condition was noted, not readily accounted 
for at the time. The stems were shrunken at the ground line, the upper 
part falling or leaning over .^o that the leaves touched the ground. Many 
of the leaves were not noticeably wilted, although the first appearance of 
the plant suggested wilt from drought. Macroscopic examination re¬ 
vealed the underground stem and roots to be in normal condition. The 
stems wore later examined for evidence of a damping-off fungus or other 
parasitic organisms, but no such organisms were found upon the seedling 
plants. The plants were not suffering from lack of water. 

The plants shown in figm'e 1 exhibit typical sjTnptoms of the malady. 
The stem had collapsed at the point ju&t at or below the sm^ace of the 
ground, and the tissues were shrimken and collapsed, though not dry. 
The collapsed tissues were not materially different in color from the turgid 
parts of the stem, and usuallj’' the epidermis remained unbroken. As no 
organism appeal’s concerned in the attack, and because of the high tem¬ 
peratures, especially at the sm*faee of the soil, prevailing at the time the 
injury first became apparent, it is presumed that the trouble was caused 
entirely by excessive heat. No records are available which have a direct 
bearing on the conditions in fields where this trouble occm’red. However, 
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Pio 1 Bean Seedlings 45tectbd bt Heat Injdbt 

Note the sU^th shrunken stems and turgid lea\ es. of the upper seedlings -which 
are not senousl\ affected and the serio isl;^ shrunken stems and -wilted leaves of 
the lower seedlings -which are badly injured Plants collected June 30 1919 from 
a. sandy field near Qieeley Color ido and photographed natural size 
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a few miles away, at the Colorado Potato Experiment Station, soil tem- 
peratiues were being taken in a potato ’‘xperunental plot. The records 
weie taken at depths of one and three inches belov\ the surface, but none at 
the suiface of the gi’ound. 

At a depth of 1 inch the temperature averaged 109.8° F. for the last ten 
days of June, rising to 112° on the 27th and 28th, and IIS'" on the 29th and 
30th. At the same time, the ten-day average for the 3-inch uepth was 
92.3° F., the temperatme reaching 94° F on the 27th and 28th, jo° F. on the 
29th, and 95° F. on the 30th. The air temperature averaged 99.3° F. for 
the last ten days of June, rising to 104° F. on the 29th and 101° F. on the 
30th. For the few days succeeding, the temperatm’e was lower. 

The soil temperatures given are only indicative. The soil upon which 
the beans were growing was quite light and sandy, and very hot. The soil 
at the Station was a Billings loam, a medium heavy soil, not becoming 
smooth on the surface under the influence of rain or hrigation water, as 
the sand would do. A year or more earher at the Station some soil sur¬ 
face observations were taken with a meremy thermometer shaded from 
the sun. It was found then that it rose readily to 125° and 130° F. No 
doubt the beans 'were exposed to a temperature of 130° F. or higher for 
t wo or three hours each day, resulting in the heat injury. The plants which 
had suffered to the extent of being prostrated did not survive. 

Hartley’s^ observations on stem lesions of seedlings of conifers, cowpeas, 
and rye, which he thought to be due to excessive heat, ai’e of special inter¬ 
est in connection with the observations just presented. He found seed¬ 
lings being killed both in the field and in poorly shaded nurseries, and 
mainly in Nebraska. The stems were collapsed and shrunken just at or 
a little above the surface of the soil, and in addition there was usually 
formed at the same place a definitely delimited lesion, which generally 
became white. On account of its color he described the trouble as “white 
spot." 

The wi’iters have not obseived this characteristic “white spot” on the 
stems of beans in Colorado. Possibly it might have developed had higher 
temperatures prevailed or had other factors, such as light and moisture, 
been identical with those in Nebraska. 

It has seemed desh’able to present the above observations unsupported 
by experimental data, because opportunity may not permit of carrying 
out fm'ther investigations on the subject by the writers. Furthermore, it 
is hoped that this note may add something to the small amount of data 
available on the pathological importance of high soil temperature. 

Bureau of Plant Industry 
United States Department of Aoricultubb 
Washington, D. C. 

^ Hartley, Carl. Stem lesions caused by excessive heat. Jour. Agr. Eesearoh 
14:595-604, fig. 1. 1918. 



BRIEFER ARTICLES 

XOTE ON RESISTANCE OF CHESTNUT TO THE BLIGHT 
J. Fkavki^in Collins 
With Two Figures in the Text 

Ever since the writer first became actively interested in the chestnut 
blight {Endotha parasitica (Anders.)jMurrLll) in 1908, he has been on the 
lookout for suggestions of immunitj’' or resistance in indmdual plants of 
various ’=.pecics of the genus Castanea. Many sprouts and trunks of 
trees that appeared to be icsisting the disease, or that were suggesting 
immunity at the time of observation, have been noted. In nearly all of 
these the period of resistance or apparent immunity proved to be of com¬ 
paratively short duration, though in a few cases the period extended over 
two or three years; rarely longer. In a great majority of such cases the 
apparent immunity was probably due to the uninjm'ed condition of the 
bark, wliile temporary resistance could in some cases be rather definitely 
traced to an unusually vigorous gro'W’th of the host, due to particularly 
favorable growth conditions. Disappointing experiences of tliis sort •were 
duplicated so many times between 1908 and 1913 that the writer became 
verj’ reluctant to make any definite statement in reply to inquiries regard¬ 
ing the prospects of locating immune or resistant chestnuts other than the 
Japanese, to which Metcalf first called attention in 1908.^ Obviously, 
no reliable final statement regarding such conditions can bo made until 
obseiwations have extended over quite a number of years. 

However, down to the present time the waiter has been constantly on 
the lookout for trees that showed suggestions of immunity or resistance. 
Hundreds of trees have been under observation during the last eleven 
yeai's, and at the present time numerous trees are stiU under periodical 
observ'ation. In general it may be stated that resistance has been more 
pronounced in the last few years (four or five) than in earlier years. This 
last statement is meant particularly to imply that in many cases observa¬ 
tions over a gi’eater number of years are now necessary to disprove the 
suspicion of immunity or resistance than was the case formerly; in other 
words, this apparently means that (a) the disease is progressing more 
slowly, or (.b) the host is more successfully resisting the disease, or (c) 
the more susceptible trees have all been killed, or (d) some other factors, 
are influencing results. 


»Bureau of Plant Industry Bulletin 121, part 6, pp. 3-4. February 10, 1908. 






4 The living diseased spiout particuHrlj referred to in this aiticle B Stump 
from \hich sprouts oiigmated C Living sprout diseased at base D Small dead 
forked branch of sprout E E Badlj diseased and pi act cally dead spxout 



Photocbaph taven Tllt 13 1917 (same d stance fiom sp outs as in fig 1) 


Letters lefei to the same spiouts as in figure 1 C Spiout appaiently dead since 
1913 F New living sprout directly in front oi E (? New living sprout behind 
CandZ) 
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Among the many sprouts of American chestnut trees that have come 
under the writer’s obscivation, from the point of view of possible resist¬ 
ance, the case mentioned below seems part^Tilarly worthy of note at this 
time.^ 

On November 13, 1912, the writer took a photograph of some chestnut 
sprouts in Lancaster County, Pennsylvania, at least one of which showed 
a ^N'ell marked, characteristic, though not an extreme, case of disease, with 
accompanjdng hj^pertrophy and prominent coloring at the base of the 
stem (fig. 1). These sprouts had evidently grown from the stump of a 
small tree cut throe or more years earlier when the undergrowth surround¬ 
ing some grafted orchard trees was mow^ed. The exact age of the sprouts 
was not determined.^ 

At the time the photograph was taken the largest living sprout was 
approximately 3f inches in girth just above the hypertrophy, and pre¬ 
sented the same general diseased appearance as hundreds of other sprouts 
that died one or two yeai*s later. Much to our smprise, this sprout con¬ 
tinued to live and grow, the hypertrophy at the base becoming less and 
le^s pronounced in subsequent j'ears, until in 1917 the swelling was scarcely 
apparent, as will be seen from the accompanying illustration (fig. 2). 

On the date of the latest records (September 24, 1919), the main sprout 
was 16 feet high and measured 1 foot 3f inches in girth, 1 foot from the 
ground. The old hjq)ertrophy of seven years earlier was no longer in evi¬ 
dence, except perhaps as a rougher surface to the bark at the base. There 
was some suggestion of the yellow color so often accompanying the disease, 
in the cracks at the base, but no sign of even a faintly delimited lesion or 
hjT)ertrophy. Formerly there Tvas a disease canker two feet from the 
ground. This was nearly healed over in 1919. The caUus surrounding it 
showed some old pustules, but no other external indication of active disease. 
Another canker ten inches long showed little eAudence of disease in 1919. 

Although this sprout still is diseased in several places and several twigs 
have been killed, there are at least three places on the main stem where 
disease formerly was present, but now, from external examination only, 

® For resistance in mature trees see Graves, Arthur Harmount. Resistance in the 
American chestnut to the bark disease. Science n.8. 48 : 652-653. December 
27,1918. 

®The small stmnp from which these sprouts grew was 4 or 5 inches high and approx¬ 
imately 2a inches in diameter on the date mentioned above. At the time of the 
first recorded observations on this plot no tree was indicated, at this point, so the 
cutting undoubtedly ■was done prior to 1909. Like numerous other trees nearby, 
this may have been an American seedling tree grafted with a Japanese scion, which 
later was cut below the graft; but there was no evidence to prove this. The existing 
sprouts are of the ordinary American chestnut, so far as can be judged from foliage 
specimens only. 
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apparcntl}” absent or very ncaily > 50 ; luireover, the foliaa,c of the crown 
appeal’s to be esseiitialh nicmal. No cutting to a''CPi*tam the condition 
of the innei bai’k ha'^ been ma le at any time. 

Between the years 1912 and 1917. the sprouf meiea>^ed in £»iith from 3| 
mche^ to 13f inches, an average yeaily increase of nearl,, 2 inches. In 
the subsequent two years, the aveiage yearly incieasc \\as 1 ^ inches. 

Of course, no prophecy can lie made as to the piobabihty the sprout 
finally enthely overcoming the disease, but the fact that any liadly diseased 
sprout, but little over an inch in diameter, should suri’ive seven years 
and increase to a diameter of approximately five inches in that time seems 
specially worthy of note. 

Perhaps some reader may recall instances of resibtance that have been 
obsen^ed; if so, the wi’itcr would be glad to hear of them. 

I^r\''ESTIGATIOXS IN FoREST PATHOLOGY 
Bureau of Plant Industry 
Providence, Rhode Kland. 

NOTE ON THE PATHOLOGICAL EFFECTS OF BLAZING TREES 

James R. Weib 

Woimds in trees susceptible to infection serve cull-producing fungi in 
two ways. A fungus aheady in the heartwood is enabled to penetrate 
the exposed tissues and produce sporophores in exactly the same manner 
that sporophores are produced from branch knots and injiu’ies caused by 
fire and weather; secondly, wounds ai’e a source of infection from without. 

The danger of infecting conifers through mechanical wounding, such as- 
blazes, logging scai’s, and vai’ious injm’ies to the sapwood attending gen¬ 
eral forest improvement work, largely depends upon the quantity of resin 
secreted from the exposed surface. For the present purposes the conifers 
of this region are classified as ref?inous and non-resinous species. This 
classification is based enthely on whether or not a tree when blazed se¬ 
cretes a protective coat of resin. The usual anatomical classification is 
disregarded. A wound in the sapwood of a resinous species is almost 
immediately protected from infection by a heavy exudation of resin, which 
is not the case in the latter group. With this observation as a basis, a 
lai’ge number of blazes during the past seven 5 '’ears have been examined 
in Montana and Idaho, to determine their relation to the entrance or exit 
of cull-producmg fungi, as evidenced by the presence of sporophores on 
the e-xposed wood, special attention being given to blazes because they 
ai’e preventable. 

Results of this study are embodied in table 1. 
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The sporophores found on the blazeb were of the following species: 
Trametes inni, Fomes pinicola, Fames laricis, Hydnum sp. (unnamed), 
Echinodontium tinctonum, and Phohota adiposa, and are the species which 
are responhible for most of Ihe cull in the trunks of coniferous trees in the 
region studied. Trametes pini is moie or less common to all conifers, as 
is Fomes pinicola, which is frequently a wound fungus. Fomes laiicis is 
chiefly as&ui iated with larch in the region studied. The last three named 
species are practically confined to hemlocks and firs. 

The foregoing '•hows quite clearly the r61e blazes play in the development 
of sporophores, also that blazes in non-resinous conifers are a more prolific 
soiu'cc of sporophore production than in resinous species. The table shows 


TABLE 1 


Kumher and spedes of conifeis examined, nnmbei of v'ounds on each class, and numher 
of wounds healing sporopkotes joi each class 



NTIMBER or WOUVDS 
BriRING 
SPOROPHORES 
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Non-resinou& trees 

20 

10 

25 

8 


63 

15 


21 

4 




23 

25 



78 

Total .... . 


73 


104 


177 


*WP = Western •white pine. 

L = Western larch. 

DF = Douglas fir. 

LPP = Lodgepole pine. 

YP = Western yellow pine. 


AP = Alpine fir. 

ES = Engelmann spruce. 
GF = Grand fir. 

"WH = Western hemlock. 


86 per cent more sporophores on wounds of conifei’s listed as non-resinous 
species than on resinous species. Though anatomically belonging to the 
resinous group, Engelmann spruce is here Ested with the non-rosinous 
species, owing to the fact that blazes on this tree do not secrete resin as 
readilj' or in as large a quantity as is the case in pines, and that such 
wounds more frequently bore sporophores than was the case with the trees 
listed as resinous. These sporophores may have developed from mycelia 
already in the heartwood of the trees, a condition to be expected in a study 
of this kind. The spruce in the regions chiefly studied was very defective. 
The w'ood of spruce, however, is by no means as resinous as that of the 
pines. 
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Tlic danger from blazes may be laagely eliminated by making light 
blazes in the bark and bast uhich will, in most cases, be quite sufficient 
for the pm’pO'se in hand, and are not readih' susceptible to infection. 
This is particularly true in the case of thick bark trees. By cai'eful manip¬ 
ulation of the ax a blaze in any tree may be made in tl c bark w’ithout 
injurj" to the wood, and spores w'hich may be carried on the ax will not 
find a suitable substratmn. The practice of using tags, as m the case 
of marking trees on timber sale operations, is an excellent plan. ISince 
they are put on with tacks or small nails and would come off in the dab on 
sawing, and do not afford an entrance to fungi, theii* use should be encour¬ 
aged. 


SUMJIART 

On the basis of resin secretion from blazes, conifers are classified as 
resinous and non-resinous. An examination of a number of blazes from 
each class show's that they play an important part in the development of 
sporophores of cull-producing fungi, and that blazes in non-resinous spe¬ 
cies are a more prolific source of sporophore production than in resinous 
species. 

Office of Investigations in Forest Pathology 
Bureau of Plant Industry 
Spokane, Washington 

ALBEET THOhlAS BELL 

C. W. Edqerton 
With Portrait 

Albert Thomas Bell was born at Biggsville, Illinois, October 6, 1866, 
and died at Baton Rouge, Louisiana, July 27, 1919. When he was fif¬ 
teen years of age, his parents moved to Furnas County, Nebraska, and 
a year later he entered the Lincoln (Nebraska) High School. He was 
unable to finish his preparatory tmining, and while less than eighteen 
years of age he began teaching in the rm’al schools of Furnas County. 
After teaching in the rural schools for fiive years and in the Crete (Ne¬ 
braska) High School for seven years, he entered the University of Nebraska, 
from which lie received his B.S. degree in 1898 and his A.AI. degree in 1900. 
He specialized in botany and was made a member of Sigma Xi at that insti¬ 
tution. After leaving the University, he taught in the Lincoln (Nebraska) 
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High School for two years anc’ in the Nebraska Wesleyan University 
for eight yeai^s. For the last nine years of his life, he was professor of 
botany in the University of Louisiana. 

Professor Bell was an exceptional teacher and was cleeplj” interested in 
hift chosen prof^ ^&ion. The late Prof. Chas. E. Besscy, under whom he 
did his un'veisity work, once stated to the writer that he considered Pro¬ 



fessor Bell one of the best teachers that had ever been in his department. 
He spent his whole life in teaching and it can be truthfully said that he 
died in harness as he had a stroke of apoplexy while on a field trip with 
some of his students, dying within less than forty-eight hours without 
regaining consciousness. 

Professor BeU was married in 1892 to hliss Belle Cooper, who still sur¬ 
vives him. 



PHYTOPATHOLOGICAL NOTES 



Fig. 1. Root op an Aza.lev BubH 
Killed bv Shoe-String Root Rot 


Shoc-^tiing rout lot of RnoJodaidron 
and Aznlfa can''Ld hi/ Ainulhirm mellea 
Vahl. AnniUnna meUea ha=5 l'>een re- 
poitecl iLs cau’^ing. iinpoitant root rot'^ 
of various kind‘=! of coniferous trees and 
deciduous trees and shrubs. It is the 
pm pose of the present note to report 
an extreme case of root rot of Rhodo¬ 
dendron and Azalea caused by this fungus 
in the Northwest. 

A group of Rhododendron^ and Aza¬ 
leas in a large bed of these shrubs was 
noticed to die during the spring of 1915. 
On being examined it was found that the 
root systems were almost completely 
enveloped by rhizomorphs oi Ai miliaria 
mellea. Little attention was paid to the 
matter until the folio-wing spring when 
it was obseived that more of the slmibs 
had been killed. The infected area is 
still gradually enlarging. 

The general appearance anil the ex¬ 
tent of the infection on an Azalea root 
system is shown in fiame 1. 

Hexey Schmitz 


Personals. !Mr. L. 0. Watson has resigned his position as pathological 
adviser in the Office of Cotton, Truck and Forage Crop Disease Investi¬ 
gations, Department of Agricultm-e, to engage in a private seed-growing 
business at Florence, S. Car. 

Mr. Geo. !M. Armstrong, recently a graduate student at Washington 
University, St. Louis, has accepted the position of assistant pathologist 
in the Biu'eau of Plant Industry’ and has taken up T\’ork on the control 
of the root-knot nematode. 

Mr. Freeman Weiss, formerly a joint employee of the Department of 
Agriculture and the Alinnesota Agricullmnl Experiment Station, engaged 
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in the invoptiga+ion of ceical dp. a3cs, has accepted a full time appoint¬ 
ment as assistant pathologist in the Depaitmcnt of Agiiculture and is 
engaged in the investigation of the jiotato wart disease. 

]Mr. N. Rex Hunt of the Ofl&ce of Foiest Pathology Investigations, 
Bureau of Pla^L Industry, has been transferred to the Federal Horticul¬ 
tural Boaid +0 assist in the eradication of the potato wart disease. 

Dr. Char'es Drechsler has been transferred from the Office of Cereal 
Investigations, Bm’eau of Plant Industry, to the Office of Cotton, Truck 
and Forage Crop Disease Investigations and has taken up the investi¬ 
gation of vegetable decays and decay-producing organisms, with head- 
quaiders at Brookljm, New York. 

Mr. D. C. Neal has resigned the position of plant pathologist for the 
Georgia State Board of Entomology to accept a similar position at the 
^Mississippi Agi’icultiual Experiment Station. 

!Mr. C. M. Tucker, a recent graduate of the University of Missouri, 
has been employed by the Extension Division of the Florida College of 
Agriculture to conduct extension work on the control of watermelon diseases. 

Dr. R. O. Cromwell has resigned from the Office of Cereal Investiga¬ 
tions, U. S. Department of Agriculture, in order to accept a position as 
emp specialist ■^'ith the firm of E. W. Wagner & Co., Chicago, lU. 

Dr. W. H. Weston retmned to Washington, D. C., on April 29. Since 
December, 1917, he has been in the Orient, principally the Philippines, 
studying the downy mildew of corn. 

Dr. F. Kolpin Ra\m, of Denmark, ^dsited Washington in May, and 
addressed the Botanical Societj’ of Washington IMay 4, on Plant Pathology 
in Denmark in recent years. We record, with deepest regret, the sudden 
death of Dr. Ram, from blood poisoning, on ^lay 25, at the home of 
his wife’s piuents, at East Orange, New Jersey. 
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Edgerton, Claude Wilbur, amd Moreland, C. C. Effect of fungi on the germination 
of sugar cane. Louisiana Agr. Expt. Sta. Bui. 169, 40 p., 9 pi. 1920. 

Bibliography, p. 37-39. 

Ehrenberg, Paul. Der Einfluss des Bodens und der Dlingung auf Pflanzenkrank- 
heiten. Fuhlings Landw. Ztg. 68: 401-412. N. 1/15,1919. 

Esmarch, F. Die PhloSmnekrose der Kartoffel. Ber. Deut. Bot. Gesell. 37 : 463- 
470. Ja. 1920. 

Bibliographical footnotes. 

Fawcett, George L. The yellow stripe or mosaic disease in the Argentine. Louisi¬ 
ana Planter 44, no. 3: 41. Ja. 17, 1920. 

Reprinted in Agr. News [Barbados] 19:110, Ap. 3, 1920. 

Ferdinandsen, Carl, and Winge, Ojvind. A Phyllachorella parasitic on Sargassum. 
Mycologia 12:102-103, illus. Mr. 1920. 

P. oceanica sp. nov. 

Germano de Sousa, Raul, hlolestia das capsulas do algodocrio. Bob Agr. [Sao 
Paulo] 19:477-478, illus. May/Jy. 1918. 

Probably due to Bacillm gossypinua; ColUtotrichum gossypii also found. 
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SOUTHERN DIVISION 


MEETING OF THE SOUTHERN DI\TSION OF THE AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 

The second annual meeting of the Southern Division of the American Phylopath- 
ologicnl Societyuas held at Atlanta, Georgia, February 24 and 25,1920, in conjunc¬ 
tion with the meeting of the Southern Agricultural Workers. Pathologists from most 
of the southern states were present and took part in the round table discussions. 
C W. Edgerton, president of the Southern Division, presided during the discussions. 

The meetmg of the first day w'as. a joint session with the Southern Hoiticulturists 
and the program was limited to papers and discussions on sweet potato problems. 
The program of the second day consisted of discussions on some of the phytopath- 
ological problems which are receiving most attention in ihe Southern States. The 
program follows: 

February Sweet potato problems 


Fertilizers.H. W, Barre 

Influence of time of picking on keeping quality.G. C. Stancher 

Iaricties . « ... ... . ......... . ... C/. Starcher 

Certification..J. A. Elliott 

Transportation and storage.R. H. Hill 

February 25. General disausaiom 

Tomato wilt and resistant varieties.J. A. McClintock, C. W. Edgerton 

Corn root and ear rota... H. R. Rosen, S. H, Essary 

Truck crop diseases.G. D. Sherbakoff, W. C. Herron 

IMosoic diseases, with special reference to a s\\'eet potato mosaic, H. B. Rosen 
.Vfter the program, the following officers were elected for the ensuing year. 
President, S. H. Essary, Tennessee Experiment Station, 
rice preeident, J. A. Elliott, Arkansas Experiment Station. 

Secretary, J. A, McClintock Georgia Experiment Station. 

Member of the Council of the American Phytopathological Society for 1921, H. R. 
Rosen, Arkansas Experiment Station. 

J. A. EtiaoTT, 
Secretary. 


[Phytopathology for June (10; 321-^352, Plate XII) was issued June 12, 
1920.] 
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A PESTALOZZIA PRODUCING A TU^iIOR ON THE SAPODILLA 

TREE 

Nellie A. Browy 
With Fi\b Figures iy the Text 
THE HOST 

The sapoclilla {Achras zapota Linn.) is one of the best indigenous fruits 
of the American tropics. The tree is cultivated in southern Florida, and 
gro^ s wild on manj’ of the Florida Key*?. It is evergreen, Mith stiff glossy 
leaves, and a dense rounded cro\\n, and reaches a height of 2o to 50 feet. 
The wood is hard and durable. The fruit has a variety of forms: round, 
conical, or globose depressed, 2 to 3| inches in diameter. The skin is thin 
and rusty brown in color, the flesh translucent, dark tan color, sweet, 
juicy, and delicious wRen -well ripened. It is a great favorite in Florida, 
and is shipped successfully to New York City. In Florida this tree seems 
to be remaikably free from fungous diseases. 

THE DISEASE AND ITS CAUSE 

The disease reported in this paper occurred in Buena Yista, Dade 
County, Florida. It w’as found by Prof. P. H. Rolfs, Director of the 
Florida Experiment Station, w ho stated that the various tumors on the 
tree W’ere from one year to eight years old. He considered the disease 
contagious but not enough so to infect suriouiuUng trees, as only one 
other tree in the neighborhood had shown similar giuv-dhs. The stem sent 
by him had a tumor 2 inches in diameter (fig. 1). This growth was rather 
smooth on the surface, which was partly covered with lichens and algae. 
There were also many tiny black pycnidia, but, like the lichens and algae, 
they w’ere present on other parts of the stem and so had no significance. 
The gaU appeared brown and dry but in cutting through, a soft portion 
was found outside the wood, which indicated that it was still alive. The 
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gal^ !*> oi the laid Upo composed mosth of wood coicied with an 
iiicgidai Kiel of tliicl ened bail Ihc coitex and the wood weie exam¬ 
ined caiefulh loi bactciia oi tiingi and a fungus was found pcnetiatmg 
the cell Iso tiuitmg bodies weie seen Pieces of the gall wcie steiihzed 
aid placed in a moist cliambei and aftci ifcw dais aceiiuli appealed 
oontammg Pestalozzia spoies Isumcious isolations weic made from the 
tumor bi agai pouied pla es and s eiilc vegetable and agar tube cul- 



FiG 1 feWOR OcCtJBRING ON THE SePODILLV IrdB IN AN ORCHARD AT BUENA 

^iSTA Tea 

tuies and the fiuitmg bodies on both plate and tube cultuics weie those 
of a Pestalozzia 

SPORE CHARACTERISTICS 

The comdia aie foui-septate with thiee cential cells daiLei and a httle 
laiger than the haahne cell at eithei end Of the three cential cells the 
low Cl one is usualh hghtei thin the othei two and the cential one darker 
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than the one above it (fig. 2a}. In young cultm‘e.*5, ])Ut not too young, 
this feature is more prunormced than in the host material or in old cul- 
tm’es. The apical cell has three bristles which are quite constant; occa¬ 
sionally there vull be four. The size of the spore is 10 to 24:ix by 0 to lOn. 
The bristle is 16 to 26ju. Wlien the fungus i^ grown for four Uaj^s on 
sterile potato cylinders, the size of the conulia is 20 to 26ju by 5 to G/x. 
The bristle is 13 lo 24^. When grown for twenty days on cornmeal 
agar, the size of the conidia is 16 to 30/z by 6 to 8ju. The bristle is 16 
to 26pi. Dozens of mounts of spores growm on different kinds of media w’cre 
studied, and cultures of different ages. In all iheso only a tew spores were 



Fiq. 2. A. Spores of Pestalozzia isolated from sapodilla tumor and grown cn 
sterile potato cylinders. X 384. 

B. Pestalozzia acervulus in mango tumor produced by the sapodilla Pestalozzia. 
X 384. 

found which had five or six cross walls and an occa.-sional one with seven 
or eight. The spores with six septa had six bristles, those with seven 
and eight had the usual number or none at all. 

In old cultures, three months or older, spores with one dai’k cell and a 
hyaline end one with bristles sometimes occurred. No other form of 
fruiting body was seen. 

Germination occurs usually from the lower of the three central cells, 
but it may occur from any other cell of the spore. Occasionally two 
germinating tubes are sent out from the same ceU. 
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lYOCULVTIOXS 


It was ncc(‘ssary to havo some sapoclilla trees to inoculate, to prove the 
infectiousnes^ ol the stiaiii i^^olated. The southern iiuiberies, however, 
either did not have tl'Cin oi did not think it advisable to ship so far north, 



Fio 3. A YotFVG 8^PODiLti\ Tree wtith 
Tumors Produced di Inoculatixo 

WITH THE SvPODILL\ PEST\LOZZIA 

Noi.'embeb 11, 1913 

Photographed March 14, 19113 


and none could lie procured. 
Later, fruit in the market at 
Miami was piu'chased by mail 
and sent to Washington and the 
seeds from them planted. The 
sapodiUa is a slow grower and 
it w’as necessary to w^ait until 
the seedling trees were of a fair 
size to inoculate. This w’as about 
a year after the isolations were 
made. In a month and a half 
small outgrow’ths appeared at the 
inoculated places on about 75 per 
cent of the stems. These in¬ 
creased very slowdy in size, cor¬ 
responding with the slow growrth 
of the trees (figs. 3 and 4). The 
inoculations were made by smear¬ 
ing the spores on the stems and 
then puncturing with a sterile 
needle. The trees w'ere kept in a 
greenhouse where the temperature 
was usually 75® to 80® F. 

Two isolations w'cre tested out, 
one which produced an abundance 
of spores, the other at first a 
meager amount of spores. This 
latter isolation proved to be the 
more infectious. One thing of 
interest was noted during the in¬ 
oculation w’ork; the very youngest 
and most tender tissue did not 
become infected as readily as the 
older tissue. The stems, however, 
were all comparativelj young and 
not as yet toughened, but the 
stems at the growing point did 
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not pioduce outa,lo^^ths Ho^\e\ci ^odfll‘^h blown ‘^potting of \ei\ 
\oung len^e^i of the <^ipodilli occuiicd while tin toughened lei^cs 
icnilined unchanged when inoculated 

Bhcn the gills weie about i centimetei in diimctci the fungus wi'' 
leisolatcd and othci smill sapodilla tiec- inoculiteel with the lei'^olation 
colonies In due time galls loimed on these tiees aBo but onh about 
hilf of the inoculations pio\ed infec+ious 



lie 4 1 loung Sapodilla tiee with tumoi pioduced b\ inoculating with the 

sapodilla Pestalo/na November 11 191o Photogiaphed Julj 13 1916 

B \ oung sapodilla tree with tumoi produced b> inoculatmg with the sipodiUa 
Pestaloz 7 ia biO\embei 11 191 1 Photogi \phed Maich 1 1916 

INOCULATIONS INTO OTHER PLANT'S 

Inoculations were also made into othei plants and tiees some of which 
aie susceptible to the crown gall oigamsm Badernm iumejactens Rose 
bushes sugai beets Pans dais\, citius tiees, pelaigonium a\ocado, be- 
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gonia cicio ‘iHcpopmc white pine spiucc licmlock Inch balsam oli\e 
and mango wcie inoculated se\cial te<^ts being made with some of them 
\o oitw.iowth's f 01 lied on an^ except the mango Mcngifeia indica 
Linn o\i\ e Ole i eii opaui Liim and bal'^am d.&?cs 6a/an cn Linn Small 
gills 3 to 10 mm in diamctei foimcd on the oliie ind balsam m the 
eoiiise of a leai and laige gallb 1 inch m chamctei on the mango In 
mangoes giown m j^ieenho ises swellmgs at nodes fiequentlj occm 
Ihese nodal swelhngs need not bo confused with the tumois pioduced bj 
the fungus as die\ aie ca ilj distinguished 



^ 1 

Tig o Tlmoh ox Mjingo Tree 

Tree inoculated Juh 10 1916 oiitb. sapod 11a Pestalozzio. Photographed June 
^>8 1918 

The tuinoi on mango giew aeij slowh m fact no defimte outgiowth 
had taken place m thiee monthb In six months theie was a typical 
tumoi encuclmg the stem ats is the cabe m the sapodilla This giowtii 
contmued slowlj foi two jtais when it had leached a diametei of 2 
mches (fig 5) 

One of the mango tumois was cut off thiee yeais aftei the tiee was in¬ 
oculated put of it placed in a moist chambei and the othei part used 
successfuHa foi reisolatmg the fungus In a few days the poition m the 
moibt chambei showed the aceivuh breaking thiough the surface of the 
gall and the tjpical Pestalozzia spoies appeoimg (fig 2, B) The fungus 
was also isolated fiom the oho-e gall 
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INOCULATIONS INTO CONIFERS 

The fungus uas also infectious to the larch (Lnric occukntalis Nutt.j, 
blue spruce {Picea 'pungens Englm.), and hemlock {Tuilga canadensis 
Sarg.), producing a blight instead of outgrowth'^. The blighting occurred 
in young leaves when the spoies were sprayed on them. No wounding 
was necessary. This condition wa'^ earned to other young leaves as they 
continued to appear during the summer. The check plants were not 
infected. Several attempts were made to infect the white pine m the 
same way, with negative resides. The trees used were joung. none of 
them being over 16 inches tall. Thej' had been kept m pots out of doors 
during the winter, then in early spring brought into the greenhouse and 
repotted. At the time of inoculation, young leave's were growing freely. 
After inoculation, some of the trees were put in an infection cage while 
others were kept in the same greenhouse in the open. This was done to 
see if the excessive moisture of the cage would favor infection. The 
temperature of the greenhouse ranged from 72® to 78® F. 

The trees were inoculated in two ways: in one case the spores were 
washed off the cultures into sterile v^a^er and the plants sprayed with an 
atomizer, some of them being wounded by needle pricks; in the other the 
spores w’ere smeared on the stems and leaves and wounds made by punc¬ 
turing with a delicate sterile needle. 

No galls were produced on any of the trees, but a very decided blight 
occui’red in the young larch leaves, a fair amount of blight in the young 
leaves of blue spruce, and a trace on the hemlock. The inoculations of 
these three were as follows: 

Tw’o larch trees 16 inches tali were inoculated, one being sprayed and 
w'ounded, the other spiaj’^ed only. Both were kept in an infection cage for 
five days. Blighting of the leaves ocemred in both trees two weeks after 
they were taken from the infection cage. The check in the open remained 
healthy. Razor sections showed fungus mycelium penetratmg the cells, 
and when blighted leaves were placed in a moist chamber, the Pestsi- 
lozzia spores were produced in abundance. This blighting continued as 
other young leaves pushed out dui’ing the summer. The wounded tree 
was affected somewhat more than the other. 

Three blue spruces were inoculated. Two were sprayed with spores 
without wounding, then placed in an infection cage; the other tree was 
smeared with spores and punctured, but not placed in a cage. Of the two 
sprayed, only one became infected. The one punctured and not kept in 
the cage became infected slightly more than the other. Evidently the 
conditions of moisture both in and out of the infection cage were sufficient 
to infect, and the wounding helped to increase infection. 
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Only one hemlock tiee 12 inches tall was available; it was sprayed but 
not punctured, then kept in the infection cag,e for five daj"s. In two 
V eek<^ there was blight lilighting but this did not continue to advance. 

The inoculations into the conifers weie made because of the infectious 
chai-acter of Pestnlozzia fanerea to while pine (Pinu^ hfrobus L.), Norway 
spruce {Picea exceha Link), and hemlock {Tsuqa canadensis L.), as dem¬ 
onstrated in the work of John J. Wenner (13), in which he shows that 
seedlings one month old to three-year-old trees under certain conditions 
of moisture are blighted by this species, and because Pestalozzia hartigu 
has been recognized as the cause of a seedling disease of the spruce and the 
bilver fir in Europe (1), (3), (11), (12). 

The balsams (Abies hahdmea L.) were inoculated more especially be¬ 
cause of a tumor reported by P. Hennings (5) on Abies balsdmea, produced 
by a Pestalozzia wliich he has named Pestalozzia tumejaciens. The galls 
resulting from needle-prick inoculations into balsam wdth the sapodilla 
isolation were very slow-growing and small, the largest one reaching 
hardly more than a centimeter in diameter in a j’^ear and a half. The size 
is about the same or a little larger than those in the Pathological Col¬ 
lection of the United States Department of Agiicultm'c, produced by 
Pestalozzia tumejaciens (P. Hennings). However, in his description of 
this particular out-growdh w'hich appears in different species of Abies, 
Hennings states that they reach a size of from 1 to 5 centimeters in diame¬ 
ter, and a badly attacked tree must be cut out and brnmecl in order to 
check the spread of the disease. 

COMPAEISON OF THE SAPODILLA PESTALOZZIA WITH OTHER TUMOR-FORMING 

PESTALOZZLA.S 

The spores of Pestalozzia tumejaciens do not agree in size and number 
of cells with the Pestalozzia isolated from the sapodilla. There arc other 
differences, e.g., in color of central cells and shape of end cells. Pestalozzia 
tumejaciens is 13 to 17/i long by 5 to Gfi wide, bristle 25/i. Spores are 
cylindrical-oblong wdth three cross walls, making 4 cells. The two middle 
cells are large and dark browm in color, while those at each end are color¬ 
less and somewhat papillary. The upper cell bears thi'ee very fine, spread¬ 
ing, colorless bristles. 

Nor do the spores or the sapodilla Pestalozzia agree with those of 
Pestalozzia gongrogina (F. Temme) (10), which according to Temme 
produces a gall on F^alix Viminalis. These willow galls grow from year to 
year, the largest ones becoming the size of a hen’s egg. They are soft 
and gi’een at fiii'St and later become woody; in the course of a few years 
the trees are covered with various sizes of galls. This description is not 
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un li k e that of the galls on nrillovr due to the crown-gall organism, Bac¬ 
terium tuinefaciens. P. Hennings became interested in the tumors on 
Salix vmimlis, and found that the disease was infectious to other varie¬ 
ties of -vvillow. Keither Hennings nor Temme produced galls by inocula¬ 
tions with pure cultures oiPestalozzia tumejadens orPestalozzia gongrogina. 
In his description of the latter, F. Temme states that spores are pro¬ 
duced in a definite pycnidium. They are slightly bent, club-shaped, 0.024 
mm. long by 0.004 mm. wide, 3-celled, colorless, with a delicate curved 
bristle at upper end. 

Mr. I. B. Pole Evans and IMiss Ethel IM. Doidge'(2) of the Transvaal 
Department of Agriculture found a Pestalozzia on Cydonia mdgaris. 
Warty outgrovi:hs formed by larger numbers of arrested adventitious 
roots, they claimed, were produced by this fungus. As the spore has but 
one bristle it is unlike that of the Pestalozzia considered in this paper. 
Evans and Doidge have named their fungus Pestalozzia (Monochaetia 
Sacc.) cydoniae. 

ANOTHEE PESTALOZZIA ON A RELATED HOST 

There is a Pestalozzia sapotae (P, Henn.) n. sp. reported from Brazil on 
the leaves of Achrae sapotae (4). The spots are dark, wide spreading, 
with acervuli on the upper side of leaf bursting out black. Conidia spindle 
shaped, 4-septate; three cells black, 10 to 14/* by 6 to 6/i, end cells hyaline; 
papillate, three filiform bristles 10 to 15/t, pedicel short and hyaline. 

As there has been confusion regarding the botanical name of the sapo¬ 
dilla, the Achrae sapotae mentioned above may or may not be identical 
with Achras zapota, the tree on which the tumor occurred. The descrip¬ 
tion of the Pestalozzia producing the spotting of the leaves does not cor¬ 
respond to that of the Pestalozzia producing the tumors on Achras zapota. 

Leaves of sapodilla inoculated with the sapodilla tumor Pestalozzia 
produce rather reddish, well defined spots, and the comdia in these spots 
maintain the typical characteristics of those produced in the tumor. 

As there are essential differences between the spores of the Pestalozzia 
forming the tumor on the sapodilla and those forming tumors on the other 
plants, namely, balsam and willow, the tumor-forming Pestalozzia of 
sapodilla cannot be classed with either of them. It resembles Pestalozzia 
funerea in some respects (8), i.e., the spores are very mucb like the funwea 
spores, it is pathogenic, and it also produces a bli^t on some of the mem¬ 
bers of the pine family. However, Pestalozzia funerea is not known to 
produce tumors. Comparison was made with spores of Pestalozzia guepini 
Desm., a species known to be parasitic, but there were well d^ned dif¬ 
ferences between the two (9). The descriptions of other species reported 
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to be parasitic were studied, but no agreement was found between them 
and that of the Bapodilla species (6) (7). It seems best, therefore, to 
consider tins fungus as a separate species, and because of its tendency to 
produce hard galls, the name Pestalozzia bCirrofacie}is is suggested and the 
following characterization given: 

Pestalozzia scirrofaciens n. sp. 

The aeervuli are immersed, breaking out to the smiace and of a black 
color after the gall has been kept in a moist chamber a few days. The 
eonidia are ovate-oblong to spindle shape, slightly curved, 4-septate with 
slight or no constriction of the septa. The three central cells are olive 
brown, the terminal cells colorless, conoid, bearing at the apex three, 
rarel}'’ four, slender liristles bent outwrard, the pedicle is short and slender. 
Size of spores 16 to 24/^ by 6 to 10 a£. Bristle 16 to 26jLt. 

Habitat. In stems of Achras zapota, Florida, producing a hard tumor. 

PAVOEABLE MEDIA FOR GROWTH OP THE FUNGUS 

Sterile potato cylinders are a very good medium for the growth of this 
species, and the fungus will continue to live thereon over a year and a half 
but does not live two years, temperatures being 12® to 17®C. Carrot and 
potato agar are also good. There is very little mycelium produced on 
cornmeal agar, but it is luxuriant on potato cylinders and sugar-beet agar. 
Acennili are produced in abundance on plain potato cylinders, and occa¬ 
sionally black spore masses protrude in a horn like shape. Weak acids 
such as 1 and 2 per cent malic acid added to potato cylinders retard the 
growth of the mycelium and lessen the production of spores. 

In three to seven days after transferring to potato cylinders, small, 
black (lots appeal' on the surface, and later black, liquid-like drops exude 
from them. One of these drops examined under the microscope was 
found to be made up of masses of eonidia. When young, these small, 
black bodies have a structure which to all appeai'ances is a pycnidium. 
As development goes on, however, they break open across the top and 
we have aeervuli extruding spores. 

CONTROL 

The control method which proved successful in the Buena Vista orchard 
where the disease was found is the one to be recommended; namely, 
cutting down and burning the infected trees. This method was used 
successfully with trees infected by other gall-producing Pestalozzias. 
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SUaiMARY 

Tumors of various sizes occurred on stems of the sapodilla tree growing 
in an orchard in Dade County, Florida. 

A Pestalozzia was isolated from one of these outgrowths, and inocula¬ 
tions into young sapodilla trees produced slow growing tumors from which 
the fungus was reisolated. 

Small galls were produced on the balsam fir and olive, and large ones 
on the mango tree. 

Inoculations into larch, hemlock, and blue spruce produced blighting 
of the leaves but no tumors. No blighting occurred on the white pine. 

The Pestalozzia isolated from the sapodilla tumors does not agree with 
Pestalozzia tumefaciens, which produces tumors on different species of 
Abies. Neither does it agree with the Pestalozzia reported to produce 
tumors on different species of Salix. 

It agrees in some respects with Pestalozzia funerea Desm., which is a 
parasitic species but one hot known to produce gaUs. 

The name Pestalozzia sdnofadens is suggested. 

The disease can be controlled in an orchard by destroying the infected 
trees. 

Bureau of Plant Industry 
Washington, D. C. 
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BRIEFER ARTICLES 

NOTES ON PERIDERMIUM HARKNESSII 
George G. Hedgcock and N. Rex Hunt 

Peridermium harknessii Am. Auct. as used in this paper applies to the 
gall-producing form of Peridermium which is the aecial stage of Cron- 
artium coleosporoides (Diet, & Holw.) Arthur. This species attacks both 
Pinus contorta and Pinus ponderosa in some regions in the western and 
northwestern states, more especially the former species of pine in Colorado 
and Wyoming. The galls produced by this species vary in shape from 
fusiform swellings on recently infected small twigs to sub-spherical galls 
from older infections on limbs, twigs, and small trunks which are encircled 
by the diseased tissues. Infections on one side of a trunk or limb may 
produce a hemispherical form. Young trees often are either killed or 
stunted by the strangulating effect of these gaUs. 

Rodents, especially squirrels and porcupines, feed upon the cambial 
layer of the galls of Pmdemium harkneasiiy owing to the sweet taste of 
this layer when either aecia or pycnia are present or in process of forma¬ 
tion. The senior writer has repeatedly observed them feeding near 
Fox Park, Wyoming, on gaUs of Pinits contorta. On a gall defaced by 
these rodents, the wood dries out and the bark is not replaced. Fre¬ 
quently new gall tissue forms in a fold adjacent to the wound, producing 
an appearance commonly called “cat-face” m this region. In a timbered 
area being cut over near Fox Park, it was noted that both Trametes pini 
(Brot.) Fr. and PoJyporus schweiniUii Fr. frequently gain entrance throug^i 
such wounds. 

The action of these rodents in feeding not only on the galls of this 
Peridermium, but also on the healthy wood of adjacent small trees, sug¬ 
gested to the writers the possibility of aecial infection taking place through 
their depredations. This was strengthened by observations on the 
spread of the Peridermium in some localities in this region in the apparent 
absence of telial hosts beneath the trees. 

On April 20, 1912, six trees of Pinus sabiniana were inoculated by 
inserting in a wound under the bark a small piece from the cambium of 
the immature fruiting portion of a live gall of Peridermium harknessii on 
Pinus oMenuata coUeoted by Dr. E. P. Meinecke in California, April 12, 
1912. The wounds were tightly wrapped with wet cotton. Six control 
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trees were similarly wounded and wrapped. Two out of the six trees 
inoculated developed typical galls of Pendermivm harknessii from these 
graft inoculations but died before aecia were produced. 

On Jime 26, 1915, forty-four trees of eleven species of pine were inocu¬ 
lated as follows: Fruiting galls of Peridermhmi harknessii from Piniis 
contorta, coUeoted by Ellsworth Bethel at Tolland, Colorado, June 20, 
were hdd over a sheet of paper and the aeciospores dislodged by jarring 
the galls. Wounds were made by inserting a scalpel under the cambium 
of the pine trees to be inoculated, then spores were introduced in the 
wounds, which were then tightly "wrapped with strips of wet cotton. 

Of the trees inoculated, sixteen, or 36 per cent, became infected at the 
pomt of inoculation. Oblong galls were formed. Of these infected trees, 
more than half have since died from the effects of the disease. Four trees, 
all of Pinits ponderosa, produced aecia on the galls, three in 1917, and one 
in 1918. No pycnia were observed. 

At the time of inoculation aeciospores taken from those used in the 
experiment -were germinated on the surface of sugar agar poured plates. 
Of the spores that germinated, all produced the usual aecial mycelium, 
and none the promycelium characteristic of teliospores. 

The number of trees inoculated of each species, and the number infected 
was as follows: Pinus carihaea, sis inoculated and three iirfected; P. 
contorta, six and four; P. hahpenm, one and one; P. mayriana, six and 
two; P, palustris, two and none; P. pinea, one and one; P. ponderosa, 
two and none; P. pond&rosa ^copularum, nine and four; P. scibiniana, two 
and one; P. taeda, six and none; and P. virginiana, three and none. 

Two other similar experiments have been performed, one with aecio- 
spores of Peridermium harknessii from Pinus ponderosa. A few galls 
were obtained, mostly on Pinus ponderosa, but none fruited. One tree 
of Pinus virginiana was infected, which is an additional species to those 
named above. 

These experiments were all performed with potted plants grown from 
the seed under controlled conditions in the green-houses at Washiiigton, 
B. C., and apart from other experiments "with gaU-forming species of 
Peride m a ium . Control trees of each species of pine used remained free 
from infection. The telial stage of Cronartivm coleosporoides has never 
been found in Colorado and Wyoming, antedating or coincident with 
the aecial. This precludes a possibility of the presence of sporidia on the 
galls. 

Peridermium harknessii has been collected in nature on the following 
species <xf pine in the United States, the data being taken from collections 
in this office at Washington, D. C,: On Pimts attenuata Lemm., two col¬ 
lections from California; on P. contorta Loud., two from California, fifty- 
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one from Colorado, eight from Idaho, eight from hlontana. six from 
Oregon, one from South Dakota, one from Washington, and twelve from 
Wyoming; on P. jeffreyi "Oreg. Comm.,” two from California; on P. 
ponderosa Laws., three from California, four from Idaho, and two from 
IMontana; on P, ponderosa scopulorum Engelm., six from Colorado, one 
from Nebraska, and three from South Dakota. 

Office of Investigations in Forest Pathology 
Bureau of Plant Industry 
Washington, D. C. 

PYTHIACYSTIS AND PHYTOPHTHOKAi 
H. S. Fawcbtt 

The following brief discussion is given here in order to correct, as far as 
possible, any confusion in regard to the distribution of Pythiacystis dtro- 
phthora that the author’s previous publications may have left. The 
writer has previously reported finding on Citrus, in Florida, Cuba and the 
Isle of Pines, a fungus that he then considered to be Pythiacystis dtro- 
phthora (1). The cultures on which this report was based, though differ¬ 
ing somewhat from those of Pythiacystis eitrophihora Sm. and Sm. found 
in connection with lemon brown rot (2) and in connection with one type 
of gummosis (3), were thought to be sufficiently similar to be considered 
a variety or strain of the above mentioned species. The sporangia and 
zoospores and also the mycelial growth at certain temperatures were simi¬ 
lar in appearance to P. citrophthora. There appeared also a close similar¬ 
ity in their behavior as compared to P. citrophthora, when inoculated into 
citrus bark. Later it was found that the growth temperature relations 
were markedly different from that of P. citrophthora (4). The behavior 
of the Florida-Cuba cultm'es in the rotting of fruit was also seen to be 
slightly different from that of Pythiacystis citrophthora in California, and 
yet the similarity in tjie appearance of the rot produced was more strik¬ 
ing than were the differences. 

In order to correct any misunderstanding that may have arisen as to 
the identity of the fungus reported upon in the first mentioned publica¬ 
tion, the writer wishes to state that the cultures which he found in con¬ 
nection with mal di gomma in Florida, Cuba and the Isle of Pines were aU 
apparently Phytophthora terrestria Sherbakoff (5), and not typical PhythiOf- 
cysiis citrophthora. Sherbakoff has kindly examined those from Florida 
and Cuba, and considers them to be identical with his fungus. Stevens 

1 Paper !Kj>, 69, .Tnivereity of California, Graduate School of Tropical Agricul¬ 
ture and Citrus Experiment Station, Riverside, California. 
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also (6) has made an extensive cultural examination of diseased bark in 
connection vdth mal di gomma in various parts of Florida, and has 
repeatedly isolated a fungus which appears to be identical with P. terrestria. 
It may also be of interest here to state that a cultui*e which appears to be 
identical with P. terrestria was isolated by the w’riter from diseased bark 
at the base of a yoxrng orange tree from Lindsay, California. This, so 
far as is known, is the only time this form has been obtained from CaJi- 
fornia specimens. Most of the California strains obtained from fruits 
and diseased bark of citrus do not readily show the perfect stage in cul¬ 
tures, and are like Phythiacystis aiirophthora as described by Smith and 
his co-workers. Cultures obtained from Arizona specimens of young 
orange trees killed by gummosis were of the Phythiaq/stis dirophthora 
type. A Phythiacystis-like fungus from citrus received by the writer 
from George Fawcett from Tucuman, Argentine Republic, when sub¬ 
mitted to Sherbakoff was thought by him to be nearly if not entirely 
identical with Phytophthora terrestria. 

A number of different Phythiacystis-hke forms have been found in 
California on other hosts. Barrett (7) has reported on some of these and 
has suggested that some of them, at least, are probably true Phytoph¬ 
thora. PytMacystis dtrophthora itself has so many cultural characteristics 
in common with known Phytophthora, such as P. terrestria, for example, 
that one is led to suspect that if its perfect stage were known it would 
prove to be closely related to the above species. 

The author (8) also reported a Pythiacystis-like fungus affecting avo¬ 
cado trees. A further study of this culture indicates that it is probably 
a Phsrtophthora, and quite different in some of its cultural characteris¬ 
tics from either PytMacystis dtrophthora as here considered, or Phytoph¬ 
thora terrestria. 

To summarize, most of the cultures so far made from fruit and from the 
diseased bark of one t 3 T)e of gummosis of citrus in California appear to be 
PytMacystis dtrophthora proper as described by Smith & Smith. In one 
instance only has Phytophthora terrestria been found on citrus in Cali¬ 
fornia. Cultures made from diseased bark of mal di gomma (footrot) 
specimens of citrus in Florida, Cuba, the Isle of Pines and the Argentine 
Republic ah appear to have been Phytophthora terrestria as described by 
Sherbakoff. Other Pythiacystis-like forms so far obtained from hosts 
other than citrus in California appem: to be different from either of the 
above species. 
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SOME METHODS FOR INVESTIGATING INTERNAL SEED INFECTION 

J. B. S. Norton and C. C. Chen 

The technique for the study of diseases carried by intemal seed infec¬ 
tion has never been standardized, for the methods are still in the experi¬ 
mental stage and no extensive or systematic investigation of seed diseases 
has yet been made. However, a good general technique wUl be needed 
when such studies are made. In the course of investigations on internal 
seed diseases, the writers have developed a technique that gives rather 
successful and practical results. This has been developed from the 
method used by Selby and Manns^ in their studies on diseases of cereals 
and grasses. Our method is outlined as follows: 

1. Soak the seeds to be studied in water from ten to twelve hours. 
The presoaldng is to render the spores of pathogens on the seed coats 
more susceptible to the action of the disinfectant, and at the same time to 
prevent seed injury by the disinfectant. The efficiency of this treatment 
has been tested out also by Braun.* 

2. Shake the presoaked seeds from three to five minutes in an alcoholic 
solution of corrosive sublimate (2 grams to 1000 cc. of 60 per cent alcohol) 
in a sterilized test tube. 

3. Remove the traces of the disinfectant from the seeds by first wash¬ 
ing once in ethyl alcohol (93 per cent) and then three times in sterile 
water. The writers have deteimined by a series of experiments that the 
latter operation is absolutely necessary in order to prevent the alcohol 

^ Selby, A. D., and Manns, T. F. Studies in diseases of cereals and grasses. 
Ohio Agr. Expt. Sta. Bui. 203:213-218. 1909. 

* Braun, H, Presoaldng as a means of preventing seed injury due to disinfect¬ 
ants and of increasing germicidal efficiency. Science, n.a., 49: 544-645. 1919. 
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from injming the seeds. In the tests summarized in the following table, 
one himdred seeds of each kind, presoaked in water for ten hours, were 
used for each trial. They were given the standard germination test in 
the State Seed Laboratory. The table shows the details and results. 


TBE \TMDNT 

PBHCENT4QE OP GEHMIN^TION 

Wheat 

Corn 

Pea? 

Soy¬ 

beans 

No treatment. 

72 6 

88 0 

92 

92 5 

Immersed in corrosive sublimate (alcoholic) solution 
for five minutes.. . .. 

0 1 

74 6 

58 

89 0 

Immersed in corrosive sublimate (alcoholic) solution 
for five minutes and washed in 93 per cent alcohol . . 

0 

20 0 

11 

53 0 

Immersed in corrosive sublimate (alcoholic) solution 
for five minutes; then washed in 93 per cent alcohol; 
then washed in water three times... 

69 5 

91.0 

77 

90.5 


The percentages in the table represent the average of two duplicate 
tests for each kind of seed. 

Probably the alcohol washing could be eliminated, but it is desirable to 
remove any chance of interference with the growth of internal organisms. 

4, Pick out the surface-sterilized seeds with sterile forceps and plant 
them in sterile nutrient agar plates for germination, during which many 
of the pathogens carried internally will develop siifficiently to be recog¬ 
nized and can then be isolated for further examination. 

Or, plant the surface sterilized seeds in large, thick test tubes contain- 
ing absorbent cotton saturated with a sterile nutrient solution. This 
practice enables the investigator to discover the presence of parasites 
carried internally by the seed, and to actually determine their effect upon 
the young plant. The nutrient solution enables the seedlings to continue 
their growth, so that death from lack of nourishment may not be con¬ 
fused with the action of parasites. The cultures may be placed in a moist 
chamber to aid germination. 

3. Make pure cultures from the organisms developing from the infected 
seeds, and inoculate healthy plants with the isolated organisms both in 
tube cultxires and in pot cultures in sand. 

Plaot Patholoqt Laboratory 
Agricultural SIxperimbnt Station 
Maryland State College 









REVIEWS 


A noteworthy contribution to the literature on tiopical plant diseabos 
is “The Red Ring or ‘Root’ Disease of Coconut Palms,” by William 
Nowell, published m the W. I. Bui, vol. xvii, no. 4, 1930 (see also Agric. 
News, p. 398, December 14, 1918, and Agiic. News, p. 46, Febiuary 8, 
1919). 

Up to the time of Nowell’s work on. this disease it had been reported 
many times but usually referred to as root disease, merely intending to 
indicate that, supposedly, the trouble arose in the roots or in the soil. 
The history of the disease is given, and its distribution as found by Nowell 
in Trinidad and Tobago. To this might be added Panama and Cuba as 
observed by the reviewer. 

The external symptoms are a progressive yellowing and browning of 
the leaves from below upwards, commencing at the tip of each leaf. The 
internal symptoms consist of a red> zone in the stem, which is some dis¬ 
tance from the bark and, at least at the base, forms a complete circle. 

The red tissues are reported always to be heartily infested with nemar 
todes which Cobb has described as a new species, Apheknehus cocophlus. 
This fact and the fact that much careful work has failed to demonstrate 
the presence of either bacteria or fungi have led to the conclusion that the 
nematode is the cause of the trouble. 

This disease has been and is serious in certain places, destroying great 
numbers of trees, usually about the age when they come into bearing. 

No specific remedy is proposed, but experiments are being conducted 
by Nowell looking to the control of this pest. At least a great advance 
has been made in demonstrating the presence of a pest in the diseased 
tissues. 

Nowell's theory as to a possible manner of infestation is of interest and 
warrants further investigation. The theory is that the nematodes may 
occur in the seed bed, there infest the young plant about the base of the 
leaves, and from that point work downward as the trunk develops. This 
is borne out by the fact that occasionally red ring is found in the trunk 
when the roots are free from the pest. 


John' R. John«5TOn. 



PHYTOPATHOLOGICAL NOTES 

Pei sonals. Dr. Edgar W. Olive has resigned as Curator in the Brook¬ 
lyn Botanic Garden. He has gone into private business, his address 
being 904 Hume-hlansur Building, Indianapolis, Ind. 

Dr. George L. Peltier has given up his position at the Alabama Agri¬ 
cultural Experiment Station and accepted an appointment as pathologist 
at the Nebraska Agricultural Experiment Station. 

Dr G. R. Bisby, assistant pathologist at the Univeisity of Minnesota, 
has been elected pathologist in the Manitoba Agricultural College at 
Winnipeg. Dr. Bisby assumed his new duties June 1. 

Mr. A. F. Thiel, who has been stationed at St. Paul, Minnesota, on rust 
epidemiology studies, was elected assistant pathologist at the Alabama 
Polytechnic Institute, Auburn, Alabama. Mr. Thiel began his duties at 
Alabama on April 1. 

Dr. Julian G. Leach, associate professor of botany in the Colorado 
Agricultm’al College, has been appointed assistant pathologist at the 
University oi hlinnesota. 

Professor Fiank T. McFailand, University of Kentucky, has been 
granted a year’s leave of absence. He has taken up graduate work in 
the Department of Plant Pathology of the University of Wisconsin. 



LrrEEATURE ON PLANT DISEASES ^ 


Compiled bt Alice C. Atwood and Florence P. Smith, Bibliogrvphical 
Assistants, Bureau op Plant Industry 

May, 1920 

American Plant Pest Committee. Report on white pine blister rust control 1919. 
Bui. Amer. Plant Pest Com. 4,12 p. 1920. 

White pine blister rust control in 1919. By S. B. Detwiler. Scientific research 
in 1919. By Dr. P. Spaulding. Artificial infection of pines with Cronartium 
ribicola. By Drs. G. P. Clinton and F. A. McConnick. The destruction of 
Ribes by chemical means. By Dr. W. S. Regan. 

Appel, Otto. Die Perocidbrtihe als Ersatz der KupferkalkbrOhe. Flugbl. K. Biol. 
Anst. Land u. Forstw. 62, 3 p. Ja. 1917. 

-and Schneider, G. Versuchsergebnisse auf dem Gesajmtgebiete des Kartof- 

felbaues im Jahre 1918. Arb. Forsch. Inst. Kartoffelb. Heft 1, 63 p. 1919. 
Krankheiten und ihre Bekampftmg, p. 63-67. 

Ball, Elmer Darwin, and Fenton, F. A. What per cent of tipbum is caused by the 
potato leafhopper? Jour. Econ. Ent. 18:218-221, pi. 2. Ap. 1920. 

Beilie, Lucien. Les maladies du cafSier dans les colonies frangaises. Compt. Rend. 

Cong. Agr. Colon. 1918. 8: 44-60. 1919? 
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Literature cited, p. 138. 
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^ This list indudes referenoea, both American and fordgn, to the literature of plant pathdogy and 
mycology of interest to pathologista. Toreign references published dnoe January 1, lOl?, have been in- 
duded beginning \rith the list appearing in v. 7, no. 3. June, 1917. 

AH authors are utged to cooperate in making the list complete by sending their separates and by making 
corrections and additions, and espedally by calling attention to meritorious aitidcs outside d regular 
iounmiB. Beprints or oorrespondenoe diould be addressed to Uiss E. It Oberly, labrarian, Bureau of 
Plant Industry, U. S. Dept, Agrio., Washington, D. 0. 
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Edgerton, Claude Wilbur. Mottling disease or mosaic of sugar cane. Louisiana 
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Elliott, Charlotte. Halo-blight of oats. Jour. Agr. Research 19: 139-172, pi. C, 
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Essary, Samuel Henry. Samuel McCutcheon Bain. Phytopathology 10; 185-188, 
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Kiessling, Ludwig. Einige besondere Falle von chlorophylldefekten Gersten. 
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Index bibliographique, p. 197. 
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Hebninthosporium sp. 

Stevenson, John A. Enfermedades del Citroen Puerto Rico. III. Rev. Agr. Puerto 
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Sutton, George L. Take-all, Septoria, rust and wheat mildew. Bui. West Aust. 
Dept. Agr. 69, 27 p., illus. 1920. 
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PHYTOPATHOLOGY 

VOLUME X NUMBER 9 

SEPTEMBER, 1920 

RELATION OF CLIMATE TO THE DEVELOPMENT AND 
CONTROL OF LEAF ROLL OF POTATO 

t 

Paul A. Mubpht and E. J. Wobtlbt 
With One Fiqtjbb in the Text 

Prior to the pioneer work of Quanjer and Oortwijn Botjes (2) in Europe 
and that of the authors (1) in America, in which the infectious nature of 
leaf roll was proved, there was a tendency to over-emphasize the influence 
of environment on the disease. It was held that the presence of leaf roll 
in hot, dry regions was in some way attributable to the climate, leaving it 
a difficult question to p,ccount for the occurrence of the disease in parts of 
Canada in which the seasons are comparatively cool and moist. The 
prevalence of neighbor-infection at Charlottetown, Prince Edward Island, 
(Murphy and Wortley, loc. cit.) furnished a satisfactory solution of the 
latter difficulty, it being’shown that once leaf roll seed is introduced the 
spreading-power of the ffisease is such as to account for its persistence and 
even for its increase from year to year under the favorable conditions of 
Prince Edward Island, There remained to be explained why it is that 
leaf roll is a factor of so much greater economic importance in warmer 
districts than in the cool climate of the Maritime Provinces. 

BESULT OP PLANTING SISTER TUBERS IN PRINCE EDWARD ISLAND, 

BBRSIUDA AND SOUTHERN ONTARIO 

An experiment was begun in 1917 to test the effect of the climate of 
Piinoe Edward Island, Bermuda and Southern Ontario on the develop¬ 
ment of leaf roll. A crop of Garnet Chili potatoes which had a con¬ 
siderable percentage of leaf roll was selected in Nova Scotia in 1916, 
and 238 individual plants were dug which yielded throe or more tubers. 
The tubers from each hill were i^ven the same number and one of each 
was sent to Charlottetown, Bermuda and Ottawa, where they were 
planted in tuber units. The results are shown in table 1. As there was 



408 


Phytopathology 


[VoL. 10 


considerable loss from rot and other causes, about half the hills were not 
represented at Ottawa, but there was practically a full muster in Char¬ 
lottetown and Bermuda. 

This result is rather striking, emphasizing as it does the importance of 
the seed as a carrier of leaf roll. Comparing Bermuda, which is very 
liable to the disease, and Prince Edward Island, which is naturally free 
from it, it is found that only 14 plants out of 222 faded to react similarly 
at both places. Five of these were leaf roll at Charlottetown and healthy 
in Bermuda, while 9 were healthy at Charlottetown and leaf roll in Ber¬ 
muda. It is not believed that there was any difference in diagnosis, nor 
is it likely that the plants became infected locally and showed the disease 
the same year. It is probable that the difference existed in the parent 
hill because it is not infrequent to find healthy and affected sister tubers 
in. a diseased crop. Thus it appears from this experiment that where leaf 
roll appears it is to be traced almost altogether if not entirely so to in¬ 
fected seed and not directly to climatic conditions. 


TABLE 1 

Remit of planting skater tube) a fiom a partly diaeased crop in Prince Edward Island, 

Bermuda and Southern Ontario 




CiBE-i IN -WHICH PLANTS BE- 


NTOEBER OP 

ACTBE SIMILABLY ALL PLACES 






Number 

Per cent 

Plants represented in three places. 

102 

93 

91 2 

Plants represented in two places. 


208 

93.7 


It is interesting to follow these two lots of potatoes for another year. 
The Bennuda crop after being harvested about May, 1917, was placed in 
cold storage, it being then too late for the Canadian season of that year, 
but it was sent to Charlottetown and planted there in 1918 near the corre¬ 
sponding Chai'Iottetown seed. The latter was re-planted in a new plot 
hill by hill in the same order in which it came before. It was then found 
that 60.7 per cent of the Charlottetown seed was affected with leaf roll 
wliile 97,5 per cent of the Bennuda seed was diseased. The percentage 
of leaf roU in the Charlottetown lot the previous year had been 19 and the 
Bermuda lot was practically the same, there being only four more leaf roll 
plants found there than in Prince Edward Island. The subsequent dif¬ 
ference must have arisen from infection being more successful under Ber¬ 
muda conditions, and it is here that the influence of climate is seen, 
a secondary factor which predisposes to the disease. 
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LEAF ROLL FROM 

STAfTRt^tp 


© 

LEAFROLL 

IN wiq 


1 

0 


® IN iqi 8 O HEALTHY TO DATE (iiwj 

Fi ({ 1. Tnr. C'h (LBiiOTTECPowN Plot (as it Stood fob Thbee Ybabb) of the 
Expeeiment IV Which Sibtbk Tubers Were PiuAnted in Prince Ed'ward 
Island, Southern Ontario and Berecuda 

The circles inside the dotted lines represent plants, each of which was put back 
in. its own place (but in a new plot) in 1917,1918, and 1919. The plants outside the 
lines were present in 1917 only, as they belonged to another esperiment. They are 
shown because they infected the outside rows particularly to the right. The spread 
of leaf roll from the original infection centers can be followed. The percentages of 
leaf roll were: 1917,19 per cent; 1918,60,7 per cent; 1919,83.6 per cent. 
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NEIGHBOR-INFECTION IN VABIOUb PARTS OP CANADA 

These conclusions are borne out by a later experiment of the first- 
named author in which it was found that the spread of the disease varied 
greatly in different parts of Canada. Uniform seed of the variety Empire 
State, both healthy and diseased, was planted in the nine localities listed 
in table 2. The plots were so arranged that there were two rows of leaf 
roll plants with one row of healthy plants between them, and five rows of 
healthy plants outside them on both sides, thus: 

HHHHHLRHLRHHHHH 

Nothing in particular happened dming the first year, all the plants 
from the healthy and leaf roll seed being healthy and leaf roll respectively. 

TABLE 2 

Sj)read of leaf roll ftom diseased to healthy 'plants in various parts of Canada (unifoi'm 

Empire State seed throughout) 


LOCALITT 

Between 
two rowa 
ofleairoD 

Ne\t row 
to leaf 
roll 

. --- -- - 

Second 
row from 
lealroU 

Third row 
from leaf 
roll 

Fouith 
row from 
2^ roll 

Fifth row 
from leaf 
roll 

Charlottetown, P. E, I. 

13 0 

21 2 

2 6 

2.6 

0 

0 

Kentville, N. ti . 

35.0 

12 5. 

6 6 

1.2 

2.5 

1.2 

Nappan, N. S . . . 

20.0 

16.2 

0 

0 

0 

0 

Fredericton, N. B. 

5.0 

0 

3 7 

1.2 

1.2 

0 

Lennoxville, P. Q.. 

17,6 

17.6 

0 

0 

0 

3.7 

Ottawa, Ont. 

72.6 

50 0 

23 7 

22.5 

13.7 

10,0 

Thunder Bay, Ont. .. 

0 

0 

• 0 

0 

0 

0 

Brandon, Man... . 

13.8 

5 6 i 

• 12 3 

3.2 


8.0 

Indian Head, Sask. 

5.3 

1 4 

1 4 

0 

wm 

0 


Seed was saved separately from each row and planted in an experiment of 
the same plan in 1919. A sample from each row from most of the experi¬ 
ments was also groTNm at Charlottetown. Leaf roll appeared in the sec¬ 
ond year in varying amounts in the healthy rows (table 2, where each 
pair of corresponding rows is averaged), there being in general most in 
the center row and progressively smaller amounts in the outer ones. 

It is probable that practically no dii^ersal took place at Brandon, 
Man., Indian Head, Ss^., or Fredericton, N. B., in i^ite of the figures 
recorded. The inspection at these places was made under difficuMes, 
and the corresponding samples showed no disease except 0.5 per cent at 
Fredericton. As to the other experiments, no infection took place at 
Thunder Bay in Northern Ontario, a considerable amount occurred at 
Charlottetown, P. E. I., Lennoxville, P. Q., and Nappan, N. S., stiU 
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more at Kentville, N. S., and at Ottawa, Ont., more than twice as much 
as at any other place. 

No entirely adequate reason can be given for these variations, although 
it may be significant that leaf roll is found more or less commonly in the 
districts around Ottawa and Kentville. There are indications that the 
dispersal of leaf roll varies not only from place to place but from season 
to season in the same locality. While at Charlottetown it has occurred 
regularly for three seasons, the percentage of infection contracted by 
healthy Garnet Chili potatoes grown between two rows of leaf roll plants 
being 89.5, 62.4, and 50 per cent respectively, a preliminary attempt to 
bring about infection in the same variety at Kentville, Nova Scotia, in 
1917-1918 resulted in comparative failure, only 3 per cent of the plants 
becoming diseased. Nevertheless the extent to which plants are in 
danger from neighboring diseased ones, if only in certain years at some 
places, is sufficient to account for the persistence of the disease and for 
failure to eradicate it by the commonly recommended methods of hdll 
selection. 

NEIGHBOE-INPECTION AND CONTROL BY MEANS OF SELECTION 

When work was first begun jointly in 1915 in the affected area of Nova 
Scotia it was believed that leaf roll should in time eliminate itself since 
diseased plants produce only about one-third of a crop. The then general 
view was also held that the selection of the largest and healthiest bills 
from a partially diseased crop would hasten this process materially. 
Experiment and observation proved both of these view's erroneous before 
Ihe underlying reason, the infectious nature of the disease, was discovered. 

A scheme of seed selection on a large scale was begun in codperation 
with the Garnet Chili growers in King’s County, Nova Scotia, where 
leaf roll was very common and was jeopardizing the seed trade with 
Bermuda. Thiiigs had como to such a pass that tho Bermuda govern¬ 
ment had arranged for the transfer of some of .the best stock to Maine 
Aviih the purpose of drawing its supply from there. The Nova Scotia 
growers were thoroughly alarmed and willingly undertook any method 
that promised a way out. In the Church Street district thirteen of tho 
growers with the best seed selected by hand from one-half barrel to fifteen 
barrels of seed from the best plants in their fields and planted it in 1916 
beside seed from the general crop. The result was so far from expecta¬ 
tion that it was difficult to explain it on the old theory of the nature of 
leaf roll, for there was on the average practically as much of the disease 
in the selected as the unselected seed. For example one grower had 
41 per cent of leaf roll in his seed plot while another had 25 per cent. 
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Although proof -vvaR thus given for the first time that the selection of large 
plants from a crop affected with leaf roll does not eliminate the disease, a 
further attempt was made in 1916 to improve large areas of seed by 
rogueing it in the field before it was shipped to Bermuda. The result 
was again the same, for a high percentage of leaf roU developed in these 
stocks when they were planted in the South. It was just after these 
events that the paper of Quanjer et al. (loc. cit.) was received, in which 
the infectious nature of leaf roll seemed to be proved. Further proof 
was actually at .that time in our hands, for one of the seed-plots just men¬ 
tioned which had 25 per cent of leaf roll in 1916 showed 40 per cent in 
1917. The more exact experiments above recorded definitely estab¬ 
lished the infectiousness of the disease under Canadian conditions. 

EFFECT OF rNTHODTJCING NEW SEED 

These results ultimately supplied a full.explanation of the failure to 
improve the crop in Nova Scotia by the selection method being used. 
A way was found in the meantime, however, to remedy the situation, 
that is, by the wholesale introduction from another district of sufficient 
healthy seed to replace practically all the old in one season. The new 
stock gave entire satisfaction for two years, but in the third season 3 
per cent of leaf roll was not uncommon. As was to have been expected, 
some of the growers from lack of faith or excess of curiosity retained a 
little of their own seed. Thus patches containing 7, 11, 34 and 37 per 
cent of leaf roll were still found, in some cases beside the new seed. The 
result of this became finally evident in 1918. One growCT after plantmg 
his main crop with new seed put in about 1 acre extra with the cuUs which 
were left from his old stock. One portion of the latter field developed as 
much as 13 per cent of leaf roll, while the main field had 1.5 per cent 
on the average. In the following year the percentage of disease on this 
farm ran up to 7 per cent although the worst seed was discarded. 

Although in the ease in which 13 per cent of leaf roll developed the 
disease tended to bo peculiarly prevalent in one low-lying comer of the 
field, the general evidence with regard to the reappearance of the trouble 
is not in favor of the theory that infection persisted in the soil. There 
probably was enough of the old infected seed left to account for the sec¬ 
ond outbreak. This is in agreement with experience in Bermuda (3). 

After the new seed had been grown in the district for four years the 
situation was again getting out of hand. There was practically no field 
above suspicion, and steps had to bo taken again to circumvent the 
trouble as before b}' the general introduction of fresh stock from a prac¬ 
tically non-infected district. 
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DISEASE-FREE DISTRICTS 

The district used as a source of supply of healthy seed is situated only 
75 miles from the affected area. The latter is in the fruit section of Nova 
Scotia, which is the warmest and probably the driest part of the province, 
surrounding the towns of Wolfville and Kentville. It was formerly be¬ 
lieved that the local climate was mainly responsible for the disease situa¬ 
tion. It is now doubtful if so much importance can be attached to this 
factor. In the first place comparatively healthj^ seed which has never 
showed more than two per cent of disease, has been maintained on one 
farm in the affected area without any care other than careful bin-selection. 
All around this farm from 5 to 50 per cent of leaf roll has been common. 
The seed is not noticeably resistant, for it has been freely infected both 
naturally and artificially. According to the record of the grower it has 
not been changed for many years. In the second place leaf roll has now 
appeared in a few farms in the previously disease-free district in con¬ 
siderable amounts. There had always been a trace present, generally 
not more than 1 per cent, but in 1917 up to 6 per cent was fomid in seed 
which one grower introduced from an unknown source. Thereafter leaf 
roll became more common, although all the infection must not be traced 
back to the case mentioned, for in some instances the growers were found 
to be raising other diseased varieties in 1919. Five Garnet fields were 
found containing from 3 to 3.5 per cent in 1918, and in 1919 six fields 
showed from 3 to 7.5 per cent of leaf roll. It is obvious in this case that 
what was previously attributed to climate seems to depend more on the 
restricted sources of infection which were present up imtil recent years. 
The conclusion is being reached that while climatic variations of such 
magnitude as exist between Charlottetown, Bermuda and Ottawa exert 
a pronounced influence on the relative prevalence of leaf roll, the smaller 
variations which occur within the Maritime Provinces cannot be held 
principally responsible for the local distribution of the disease. The 
extent to which sources of infection are present and the degree to which 
the disease spreads in the field seem to be dominant factors. The latter 
depends to some extent on varietal susceptibility, as well as on other 
factors the nature of which is unknown. 



414 


Phytopathology 


[VoL. 10 


LITERATURE CITED 

(1) Mxtbpht, Paul A , and E. J. Wobtlet; Determination of the factors inducing 

leaf roll of potatoes particularly in northern climates First progress 
report. Phytopath, 8:150-154, fig. 1. 1918. 

(2) QU'Vnjbe, H. M., H. a. a. van dbr Lbk and J. Oobxwijn Botjes: Aord, ver- 

spreidingswijze en bestrijding van Phloeemnecrose (bladrol) en verwante 
ziekten, o. a. Sereh. (Nature, mode of dissemination and control of 
phloSm-necrosis (leaf roll) and related diseases i. a. Sereh.) Med. van 
de Rijks Hoogere Land-, Tuin- en Boschbouwschool. 10:1-90, pi. 1-12. 
1916 (English summary, p. 91-138). 

(3) Wobtlet, E. J.: Potato leaf roll: its diagnosis and cause. Phytopath. 8; 

607-529, fig. 16. 1918. 



A ^^lACROSPORIUM FOOT-ROT OF TOAIATO 


J, Rosenbaum 
With Four Figures in the Text 

Numerous specimens of tomato plants were received in June and 
July, 1919, from Delaware, showing a disease the symptoms of which 
differed markedly from those of any known disease on tomatoes. 

SymptQ)m. The symptoms as noted on these plants had a marked 
resemblance to black leg on potato stems. In figure 1 is shown a photo¬ 
graph of several naturally infected tomato stems, taken at the time these 
w'ere received. vSuch stems, at the point where they emerge from the 
surface of the soil, first tmn a dark brown. This brown rot or canker on 
the stem spreads deep into the tissues and extends above and below the 
surface of the soil. With age, the infected portion of the stem turns 
darker, the tissues shrivel up and may break, and the stem falls over at 
the original point of infection. Occasional!}’’ .similar brown to black spots 
are foimd on other parts of the stem above ground. In such rases it 
often spreads a considerable distance from the point of infection, involv¬ 
ing the entire stem and temiinal blossoms. 

In many cases the rot at the base of the plants produces a girdling cflfect. 
If this occurs w'hen the tomato plants are still young, they throw out new 
roots above this point. Accompanying the girdling and stem cankers, 
the plants show’ varying degrees of wilting and discoloration of the leaves. 

The disease has been found on tomato plants of all ages, both in the 
.seed bed and in the field. Where the original infection takes place has not 
been determined. 

The sjinptoms as outlined above suggest the possible use of “foot-rot” 
as a common name for tins disease on tomatoes. 

Losses. It is hard to estimate at tliis time how serious or how wide¬ 
spread the disease may prove to be. In a letter from one of the growers 
received June 30, 1919, referring to tlris trouble, ho states, “On going 
through the fields recently fully 40 per cent of the plants were found to be 
affected wdth this disease.” 

Isolation of cavsal organism. Microscopic examination of diseased 
stems showed fungous mycelium within the affected tissues. No distinc¬ 
tive spores or fruiting bodies were found. Isolations were made on a 
variety of agar plates. In brief, the procedure followed was to wash the 
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Pig 1 LESIO^& o^ Iomvto Sti-ms Due to a Macbospobium 
Tvpical appearance of tomato stems affected with foot rot ^atulal infection 



Fig 2 LCbiONb ov Tomato Stem& 4.bo%e GRouNn Dub to Inoculation with the 

Foot HOT Macrospobium 

One check as shoun xemained healthy Photogiaph taken eight days after 
inoculation 
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affected stem, immerse in a 1:1000 bichloride of merciuy solution for 
ten minutes, rin'^e in sterile distilled w ater, and make plantings from the 
inner tissues of the affected pai*ts. Dilution plates on beef agar were 
also made. In the fii’st senes of isolations made, 71 per cent of the plant¬ 
ings gave a pine culture of the same fungus. The remainder of the 
plantings resulted in bacterial growth, or a mixture of bacteria and the 
same fimgus as found in the majoiity of the colonies. During the prog¬ 
ress of this work several series of isolations were made at various times 
from natm*ally infected stems. In all of these the same fungus was con¬ 
stantly associated vnth the lesions. 



Fig. 3. Lesions on Tomato Stems Below Suepacb op Soil Dub to Inoculation 

WITH THE “ Foot-rot’' Macrosporium 

One check, as shown, remained healthy. Photograph taken eight days aftci 
inoculation. 


Inoculations. Notwithstanding the predominance of the one fungus 
obtained from the isolations, it seemed advisable to test in addition, by 
artificial inoculations, the bacterial cultures obtained. Bouillon cultures 
of these bacteria were made and inoculated in a variety of ways on injured 
healthy plants in the greenhouse and in the field. The results in every 
case were negative. 

With the fungus obtained from the isolations, a largo number of inocu¬ 
lations were made, both on plants in the greenhouse and in the field. 
Two varieties of tomatoes were used, viz., Livingston's Globe and Earli- 
ana. The inoculations were made on the stems of healthy plants, both 
above ground and below, and near the siu’face of the soil. The procedure 
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followed was to cut the stein slightly with a flaincd scalpel and insert in 
the ivound a bit of fungus, from a pure culture grown on agar media. 
The inoculations made below the surface were either covered directly 
with soil or first covered with a piece of absorbent cotton moistened in 
sterile water, followed by soil; ot the inoculations made above ground, 
part were left improtectcd and the othcis were likewise covered with a 
piece of absorbent cotton moistened in w^ater. Check plants w’^erc injured 
and treated in a similar manner, but without inserting the fungus into 
the cut stem. 

The fiist series of inoculations w^ere made July 3. When these wrere 
examined eight days later, the results obtained w’ere so conclusive as -to 
leave little, if any, doubt regarrling the cause of this disease. 

Wlule the size and the resulting lesions varied in the field and in the 
greenhouse and on plants of different ages, all show’ed positive infection. 
Of the thirty-foiu plants inoculated, not a single one remained healthy. 
The checks, on the other hand, in eveiy case remained unaffected. Fig- 
m’es 2 and 3 show' the results of pari of one scries of inoculations. The 
photographs w'ere taken eight days after the inoculations w'crc made. In 
each case one check is shown. 

Re-isolations. Re-isolations were made from a number of these plants. 
These resulted in a fungus growth similar to the one originally obtained 
from the natm’ally infected plants. 

Identity of the causal fungus. The fungus causing the disease makes a 
\'igorous mycelial grow'th on a variety of agar media. Neither on the 
host nor in culture does it produce spores readily. On account of its 
resemblance to other INIacrosporium cultures, it was subjected to the 
treatment recommended by KimkeP to obtain sporulation with Macro- 
8pomt7n solam. The treatment consists of wounding vigorously growing 
colonies of the fungus mycelium. With thi-s treatment an abimdant 
sporulation was obtained. The spores proved beyond a doubt that the 
fimgua belongs to the genus IMacrosporium. In figure 4 arc showui 
camera lucida drawings of several typical spores of this fungus obtained 
in pure culture, and, for comparison, thi'ee other groups of Macrosporium 
spores. The latter were obtained from cultures of Macrosporium from 
potato leaves, from typical ‘‘nail-head” spots on tomato fimit, and from 
a rot on tomato fruit from New’' Jersey. 

Examination of the literature failed to reveal any mention of a Macro- 
sporiuin on tomatoes causing a disease with symptoms such as are de¬ 
scribed herein. In the Southern and Gulf States, where a Macrosporium 
on tomatoes causes serious damage and affects the leaves, stems, and fruit, 

^ Ivunkel, L. 0. A method of obtaining abundant sporulation in cultures of 
Macrohporium solani E. & M. Brooklyn Bot. Garden Mem. 1:306-312. 191S. 
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the lesions produced on the stems are small “nail-head” spots, rarely, if 
ever, penetrating very deep into the tissues of the stem. The symptoms 
of the known Macrosporium diseases are therefore in marked contrast to 


those described here. 

In view of these differences it was 
of interest to compare the Macro¬ 
sporium obtained in this case with 
the others discussed in this paper, 
as shown in figure 4. 

Comparisons® were made as re¬ 
gards (a) growth on media, (b) 
inoculations on various parts of the 
tomato plant,—stems, leaves, and 
fruit, and (c) measurements of the 
spores. 

All of the Macrospoiiums imder 
discussion were grown on various 
agar media. The fungus isolated 
from typical “nail-head” spots could, 
with ease, be distinguished in each 
case from the other three Macro- 
sporiuma. The latter produced a 
growth which was characterized by 
a deep red or claret discoloration of 
the substratum of the media. The 



Fig. 4. ]\Iaobospobium Spores tbom 
Tomatoes and Potatoes 


itttonsity of this color is dependent 
upon the alkalinity or acidity of the 
agar. The color is soluble in water 
and chloroform, but insoluble, or 
only slightly so, in ethyl alcohol and 
carbon bisulphide. It exhibits the 
properties of an indicator, being 
bright yellow when acidified and red 
when alkaline. It breaks down upon 
standing in an alkaline,solution in 
the light. 


Spores obtained in pure culture on hard 
potato agar. A. ilf. solani. Isolated 
from potato leaves from Maine. 

B. M. tomato. Isolated from typical 
“nail-head” spots on tomatoes from 
Florida. 

C. M. solani. Isolated from tomato 
plants affected with ‘‘foot rot” from 
Delaware. 

D. M. solani. Isolated from potato 
seedlings affected with damping-off from 
Maine. 


The Delaware fungus, while not identical in appearance on the various 


agar media with ilffacrosponum %olani from potatoes, certainly resembles 


^ An acooimt of studies made of Macrosporiums isolated from tomatoes from 
different sections of the TJmted States Was published in Phytopathology 10: 7--22. 
1920. In this article the spores marked “D” in figure 1 should be referred to as 
saprophytic Altemaria instead of a Macrosporium, as the spores are home in chains. 
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it. It should be stated that while the culture of M. solani which was 
used for comparison in this case produced a discoloration of the sub¬ 
stratum, the writer has seen and worked with other cultures of Macro- 
sporium solani which apparentlj" do not produce any discoloration what¬ 
soever. The Delaware fungus also agrees in cultural characteristics with 
the one from New Jersey. 

In order to compare the pathogenicity of these Macrosporium cultures 
and the character of the lesions which they are able to produce, inocula¬ 
tions were made on the stems, leaves, and fruit with each form. A 
sununary of the results is given in table 1. It shows the portion of the 
plant inoculated, the method of inoculation, and the results obtained in 
each case. The data presented again points to the fact that the Dela¬ 
ware stem Macrosporium agrees closely with Macrosporium solani from 


TABLE 2 

Spore meamrements of Macrosporivm 
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^Macrosporium from to¬ 
mato stems (Delaware). 


98.7 

14 7 

23.1 
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157.5 


244.1 

8 

Macrosporium solani from 
potato leaves (Maine). . 

29.4 

111 3 

8 4 

23.1 
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7 
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54.6 
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6 

Macrosporium from to¬ 
mato fruit (New Jersey) 

i 
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25.2 

79.0 

20.1 

88.2 

407.6 

288.6 

8 


potato leaves and with Macrosporium from tomato fruit from New Jersey. 
It is different from the Macrosporium obtained from typical “nail-head’^ 
spots on the tomato fruit, both as regards its pathogenicity and the char¬ 
acter of the lesion produced. 

To determine further the identity of this Macrosporium, measurements 
of one hundred spores were made from each of the cultures. The spores 
were obtained in each case from potato agar plates of the same age and 
grown under the same conditions. A summary of these measurements is 
given in table 2. 

The Macrosporium isolated from the Delaware tomato stems is much 
larger than the Macrosporium isolated from “nail-head” spots on tomato 
fruit. The differences in size between the others are not significant. 
Figure 4 i^ows the compai’ative size of the spores from each of these cul- 
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tures. It also shows that the terminal beak of the Delaware Macro- 
sporimn is often forked. This is a frequent characteristic of the spores 
of M. solani from potatoes, as is well illustrated by Rands.* Finally, 
the beak of the spores of the Delaware fungus is coarser than that of‘the 
ordinar)'^ “nail-head” Macrosporium, but similar to Macrosporium solani 
from potato. 

Consideration of the facts brought out in these comparisons leaves on 
doubt that the Macrosporium isolated from Delaware tomato stems is 
different from the Macrosporium isolated from “nail-head” spots on 
tomato fruit, but similar to M. solani from potatoes. It should therefore 
be referred to as M. soloni E. & M. 

SUMMARY 

1. A stem disease of tomato plants was found doing considerable dam¬ 
age in Delaware. The symptoms of the disease suggest the possible use 
of “foot-rot” as the common name for this trouble. 

2. Numerous isolations from infected plants and from artificial inocula¬ 
tions in the field and greenhouse establish the fact that a fungus belonging 
to the genus Macrosporium is the causal organism. 

3. Comparisons of this Macrosporium were made with M. solani from 
potatoes and with Macrosporium cultures isolated from a tomato fruit 
rot from New Jersey and from typical “nail-head” spots on tomatoes 
from Florida. These comparisons show that the Macrosporium dis¬ 
cussed here differs from the one isolated from typical “nail-head” spots 
from Florida, in culture and morphology as weU as in the fact that the 
former is unable to produce iofection on uninjured gredn fruit. It re¬ 
sembles M. solani and the Macrosporium isolated from tomato fruit from 
New Jersey, in culture, in the kmd of lesions produced whop used for inoc¬ 
ulation on fruit and stems, and in morphological charactera. It should 
therefore be referred to as Macrosporium solani E. & M. 

Bureau of Plant Industry 
Washington, D. C. 

® Rands, R. D, Early blight of potato and related plants, Wis. Agr. Exp. Sta. 
Bnl. 42; 1-48, fig. 4, 1917. 



BRIEFER ARTICLES 
A FROST INJURY OF POTATOES 
H. G. MacMillan 
With Plate XIII 

A peculiar condition of the younger leaves of potato plants during the 
early growing season has been often noted, for which there has been no 
satisfactory explanation. The leaves were dotted with small irregular 
necrotic areas usually less than a millimeter in diameter, the majority of 
the spots being on the basal half of the leaf, along the midrib and near 
the petiole. The spots rarely appeared, if ever, after the plant reached 
fair size and the season was advanced. There was always the possibility 
that they might have been due to flea-beetle injury, but there was no hole, 
which would have been characteristic. No reasonable cause could be 
assigned for the occurrence of these spots. 

During February potatoes were planted in pots in the greenhouse for 
experimental purposes. It was necessary to remove them on April 5, 
and they were stored in the laboratory basement over night with the 
intention of placing them out of doors in the sim during the succeeding 
days. The following morning the plants were set out a few minutes 
before ten o'clock; the day was warm, the sun bright, and the sky clear. 
The thermometer registered 39° F. The plants at this time were large, 
normal, and perfectly healthy in every respect. They had been exposed 
to no insect attacks or spray mixtures, and had been otherwise carefully 
handled. On April 16, the newer leaves showed marked symptoms of 
injury. 

The plant shown in plate XIII is characteristic of both the field symp¬ 
toms and the appearance of the potted plants. The larger leaves which 
are*in focus appear healthy and normal, while the center leaves show the 
very small necrotic areas. The tips of the larger leaf blades are free from 
spotting, whereas the bases of the smallest leaf blades are unspotted. The 
areas are very small, irregular, dead and shrunken. Free-hand sections 
examined under the microscope showed these ajreas to be free from para¬ 
sites, and dried and dead, while the tissue around them appeared healthy 
and normal. Moreover, many microscopic areas were revealed, not 
visible heretofore,' which involved only a few cells, reaching from the 
tracheae to the surface through the palisade tissue. Apparently these 
smaller areas were around stomata, though the cell structure could not be 
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determined on account of the death of the tissue. DeVries, in his treatise 
on the anatomy of the potato plant, says stomata sometimes occur in the 
upper epidermis. The larger macroscopic areas extended through the 
leaf from one epidermis to the other. 

The spots had every appearance of being caused by^ mechanical injury, 
such as frost. As the circmnstances were well known under which the 
plants were set out on the morning of April 6, the data indicate that injury 
was caused by frost. The barometer stood at 25.04 inches; the tempera¬ 
ture was 39° F.; the day was fair with a light wind from the east. The 
relative humidity, as recorded by a hygrothermograph calibrated by a 
sling psyehrometer a few days previous, was 45 per cent. According to 
the Psychi’ometric Tables of the United States Weather Bureau (W. B. 
No. 235, p. 73,1912), a depression of the wet bulb thermometer of 7.5° F. 
accompanies an air temperature of 39° F. and relative humidity of 45 
per cent. This would give a temperature of 31.5° F. for the wet bulb 
thermometer. 

The potato plants had been watered heavily the night before and placed 
in a warm basement. At that time the now expanded center leaves of 
plate XIII were very small stipuliform whorled leaflets, the tip ends of 
the terminal leaflets alone being expanded. All the leaves were turgid, 
and water probablj^ filled all the stomatal openings. Exposure of the 
plants in dry air suddenly chilled the moist parts to a freezing tempera¬ 
ture, resulting in the frost necrosis, not observable at the time, and onlj’ 
becoming apparent upon the extended growth of the leaves. The en¬ 
vironment of the small whorled leaves in a light breeze would be com¬ 
parable to the wet bulb of the sling psyehrometer. 

As noted at the beginning, this malady has been observed in the field. 
During early June warm nights, followed by very sudden cooling in the 
early morning, often occur. On potatoes a few inches high during the 
coolest nights these necrotic areas ultimately occurred. The time of 
appearance la^ed so far beliind the occurrence that the connection "was 
missed, but in the light of the pot experiment the necrosis of the leaves 
must have been due to frost injury. 

BxniEAr op Plant Industey 
Grbelet, Colorado 


PLATE Xin 

A Potato Plant Showing Frost Injury in the Form or .Small, iBiaiiaTiLAR, 
Necrotic Aeea!3 on the Young, Inner Leaves 



MacMillan Potato Frost Injury 
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DEITCE FOR GROWING LARGE PLANTS IN STERILE MEDIA 

J . K . Wilson 
"With One Figure in the Text 

Many methods have been suggested for growing plants for experi¬ 
mental purposes. These may be divided into two classes: Those which, 
attempt to grow plants under sterile conditions, and those which do not. 
Of the former methods two have been more or less successful, depending 
upon the size of the plant to be grown and the duration of the experiment. 
With small plants, and in expeiiments of short duration, plants have been 
grorni in suitable containers which have kept the entire plant from infec¬ 
tion throughout the experiment. In other methods only that portion of 
the plant and its surroundings which were of importance in the special 
investigation have been kept under sterile conditions. In this paper a 
method is described that is of this latter type. 

Investigators have found that it is sometimes necessary to grow plants 
in a medium from which aU other forms of life are excluded, in order 
that a particular point to be investigated may not be interfered with by 
some other factor. Since this point usually has to do with the absorption 
of some particular substance, the contamination of parts other than the 
absorbing system may not be of any consequence. Edward and Barlow 

(1) grow the entire plant under sterile conditions. Garman and Didlake 

(2) started then plants under methods designed for sterile cultures, and 
as soon as the plants developed, the tops were allowed to grow in the 
open. Schulow (3) grew plants under a semi-sterile condition and re¬ 
ported good results. The method followed by any investigator is usually 
developed to meet his particular requirements. 

The inability to use satisfactorily in our work any of the methods 
reported led us to try many ways to remedy this condition. 

The most promising method for large plants, such as maize, and one 
yieldmg a fair degree of success, is a modification of the method used by 
Schulow. Briefly, his method consisted in germinating seeds that had 
been treated with bromine water for twenty minutes. The plantlets 
resulting were transferred bodily tp the mouth of a smaH-necked container 
in w’hich was a sterile nutrient solution. They were held in place by 
sterile cotton, and after becoming sufficiently large were wrapped with 
sterile cotton and allowed to grow. This kept the roots in sterile sur¬ 
roundings and the tops in the open. The main objections to this method 
were the difficulty in transferring the plantlets and the great chance for 
contamination in such procedure. By making certain changes in this 
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method the transferiing could be done as satisfactorilj'" as the ti ansfer of 
an ordinary bacterial culture. 

The above method as modified by us is as follows: 

SEED &TEHILI2A.TI0Isr 

Seeds are rendered sterile by the calcium hypochlorite method recom¬ 
mended by Wilson (4). After disinfection the seeds are planted on a 
sterile medium, from which, after germination, they aie transferred to 
the permanent position. The solid medium for this germination is usu¬ 
ally composed of the same ingredients as those used in the laige container, 
from which the plant eventually draws its nutiients, with 1 to pei cent 
of agar. Agar and distilled water alone may be used, but the former is 
recommended, so that if contamination is present it may be detected 
before the plant is transplanted to its permanent position. This medium 
is made in sufficient quantity to meet all requirements, and is distributed 
into large test tubes. 

Since the roots of most plants spread out in a lateral direction and 
thus make it difficult to transplant tiiem quickly and conveniently, some 
method should be used which will direct the root gi’owth in a vertical 
direction. To accomplish this there is placed in each test tube a short 
piece of glass tubing, 26 mm. by 60 mm. (see fig. 1, e). When the medium 
is distributed into the tubes, enough is put into each to cover all but about 
15 mm. of the tubing. After sterilization of tiie medium the sterile seeds 
are dropped into it, where they germinate and produce plantlets for 
subsequent use. As they grow the roots penetrate the agar medium and 
pass down to the bottom of the tube. When the roots have thus devel¬ 
oped the short piece of glass tubing, with its agar and plantlet, is lifted 
out and set into the mouth of the prepared flask. This is accomplished 
with sterile forceps 


PRETASATION OF FLASKS 

A flask of any size with a neck that can be properly packed with cotton 
may be used. As much of the nutrient solution is put into the flask as 
can be sterilized therein, and a piece of cloth is stretched over the mouth, 
A hole just large enou^ to permit the insertion of a piece of 20 to 30 
mm. tubing is cut through the olotii (see fig. 1, c). This tubing is just 
large enough to allow the plant and its tube to telescope into it (described 
above). 

The lower end is slightly constricted to prevent the inner tube with the 
plMit from going too far into the flask. Enough cotton is wrapped around 
the tube to hold it firmly in place when it is pudied into the mouth of 
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the flask. The upper end of the tubing should be about even with the 
top of the flask. The lower end should extend below the cloth and cotton 
so that when the flask is full of 


liquid the latter will just touch the 
tubing but not the packing. The 
flask is then covered with a large 
inverted beaker, which should be 
deep enough to leave some space 
above the mouth of the flask for the 
growing plant. In this way sterihty 
can be maintained without much 
danger of subsequent infection. 

Since them is need for more solu¬ 
tion in the flask than can be steril¬ 
ized in it, an extra amount is pre¬ 
pared, which may be poured into 
the flask through the opening that 
is left. If this opening seems small, 
a funnel may be sterilized with the 
flask, and after the latter is filled 
with the nutrient solution the funnel 
may be removed. 

SETTING PLANTS 

Before a plant is sot into the 
mouth of the flask it should be 
inspected to note whether there is 
contamination. Plants transferred 
from the test tube to the flask need 
suffer no setback. If the plants are 
large enough when placed, they may 
be wrapped with sterile cotton and 
the beaker removed. 



Fio. 1. Devicts fob Gbowinq Labqb 
Plvnts in Stebilb Media 

a, Cheese cloth; b, cotton wool; c, 
outside tube into^ which e slides; <i, agar 
carried over from test tube with com 
plant; e, tube in which seed germinates. 


Maize, peas, and oats have been grown to maturity by this method. 
It should be noted that many kinds of nutrient solutions have been em¬ 
ployed. The data presented m the following table were obtained from 
experiments in which there was no added organic material. The nutrient 
solution in all cases was of the same composition. 

The table presented brings out very clearly what results may be ex¬ 
pected from this method. In most cases about one hundred days elapsed 
before contamination was found. In the last series with maize, where 
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twelve fla&kp were harvested before the 148th day, no contamination 
was found. With maize, contamination may occur wherever the brace 
roots open up the cotton packing. 

Department of Soil Technology 
Cornell University 
Ithaca, New York 
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GURIRHNG DISEASE OF SUGAR CANE IN PORTO RICO 

J . M A T Z 

With One Figure in the Text 

Gumming disease of sugar cane is known to have occurred in Australia 
(New South Wales and Queensland), Fiji Islands, Mauritius, Java, 
Borneo, New Guinea, Brazil, and verj’’ likely in Tucumdn, Argentina. 
There is no record of it in the West Indies. The disease apparently 
docs not occur in India. 

In February, 1920, gumming of sugar cane was identified by the writer 
in two car loads of cane from the Trujillo Alto district, Porto Rico. 
The gummy exudation, vaiying in color from a lemon-yellow to that of 
honey, at the cut ends of the cane stalk, together with the bright-red 
vascular bundles in cane in the more advanced stages of the disease, are 
sjTnptoms that agree with the gmnming of cane of Australia as described 
by Cobb and studied by E. F. Smith. Cultures of the gum were made 
on potato agar, and the bacterial colonies as weU as the transfers of these 
to potato plugs agree with those of Bacterium vasculamm described by 
the last author. Masses of the bacterium in pure culture were smeared 
on needle-pricked surfaces of leaves of ten healthy, young “Oiaheite” 
canes in an isolated greenhouse. After three months from inoculation 
all these plants showed, when cut, typical gummy exudation from the 
fibro-vascular bundles. 

Immediately upon the recognition of the fact that giunming disease 
exists unmistakably in Porto Rico, a special survey was made of all the 
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principal sugar canc growing centers, and it was found that the disease is 
not wide-spread and that the exact locations of its occurrence are only in 
the Trujillo Alto district in an area of about fifteen kilometers. Speci¬ 
mens of the diseased cane were shown to men who have planted cane for 
years but all were unanimous in declaring it a new thing. One planter 
stated that ho saw it to a very limited extent the previous year. The 
disease occurs in places where no new introductions of seed were made 
for many years past, and it was found in the oldest varieties grown on 
the island, namely, “Qiaheite” “Rayadoy^* “Crystalhna” and "Cavengerie^^ 
or Colorada.” The “Otaheite” is the most severely infected, while the 
‘ ‘Cavengeide* ’ is the least infected variety. It is very likely that the disease 



Fig. 1. Gumming Disease of Suoab Cane 
Gum drops exuding from the cut fibro-vascular bundles of “Otaheite” cane 


has been here in insignificant proportions for some time in the past, but 
the unusually heaty rains at the beginning of the present year have most 
likely aided it in taking on the form of an epidemic in one district where 
“Otaheite” is still generally grown. Whether the disease will subside 
with the advent of normal rainfall remains to be seen. The only safe 
way to check it is through the planting of resisiant varieties. So far the 
disease has not been obsen’ed in the variety “ Yellow Caledonia.^’ The 
fact that "'Rayada'' is susceptible makes it rather a difficult problem here, 
as this variety is very lai'gely grown all over the island. “Cavengerie’^ 
shows decided resistance but it is not a very desirable variety here from 
the millers’ point of view. 

Insular Experiment Station 
Rio Piedras, Porto Rico 
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WILT OF WHITE CLOVER, DUE TO BRACHYSPORIUM 

TRIEOLII 

Lee Bon4.k 

With Three Figures in the Text 

During the summer of 1919 Dr. C. H. Kauffman observed a peculiar 
diseased condition on a plot of white clover (Tnfolium repens) on his 
lawn, at Takoma Park, Washington, D. C. The sod on this lawn was 
composed almost exclusively of white clover which had been sown on 
newly cleared land in the spring. The clover seed was bought at a Wash¬ 
ington seed store and was used to start the first sod ever grown on this 
land. 

Symptoms of the disease. The first noticeable effect of the disease con¬ 
sisted in the decidedly wilted condition of the attacked clover plants. 
Later all the leaves and petioles of the plants in an infected area became 
light brown in color, as weU as much shriveled and dry. It seemed to 
appear in spots, which then spread until these coalesced and the whole 
of the lawm became a withered brown mass. The disease ran most of its 
course coincident with continued rainy and muggj' weather, the last 
stages of collapse being furthered hy the drjdng out of the soil and expo¬ 
sure to the sim. 

Examination of the diseased clover plants at intervals showed them to 
be infected by a fungus, and some of the fungus was collected and brought 
to Ann Ai’bor. In November, 1919, the work of ctilturing the causal 
organism was undertaken. Single spores of the fungus w’erc isolated 
and grown on artificial media. The fungus grew readily in the laboratory 
and produced the tjTpical conidiophores which had been foimd on the 
diseased clover plants in great numbers. 

Inoculation experiments. Pots of clover were grown in the greenhouse, 
and when the plants were weU developed they were sprinkled with a. 
heavy suspension of the spores of the fungus taken from a pure culture, 
W’hieh in turn came from a single spore. These pots were then immo- 
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diately placed under bell jais, in order to prevent drying out. Uninocu¬ 
lated pots were also placed under bell jars to serve as check. Inocula¬ 
tions were made on clover plants varying in development from fifteen 
days old, with the third leaf just forming, to those that had well developed 
prostrate stems and many leaves to each plant and were b^inning to 
form flower stalks. 

On the sixth day following the inoculation there appeared on several 
of the leaves of the more mature plants small spots having a water-soaked 
appearance. These spots were small at first and appeared on a single 
leaflet. After a few days, however, thej'^ were observed to be spreading 
to the other tw'o leaflets, and then to affect the petiole also. As the infec¬ 
tion spread through the leaf, the spot first formed gradually became light 
brown in color and somewhat shriveled. At the end of ten days after 
inoculation, a great many of the leaves and petioles diowed infection, 
and as the infection progressed down the petiole the leaves drooped to 
the ground and became dry and withered. The infection progressed in 
the petioles as far as the prostrate stems of the plant, but in no case were 
the stems observed to be infected. After a short time the stems would 
put out new leaves, which were subsequently attacked by the fungus 
when the pots were kept under moist conditions. When, however, the 
pots were allowed the free air of the greenhouse the infection was not 
so vigorous, and the plant was able to develop or mamtain some green 
leaves. Photographs of pots 1 and 2, figure 3, show the inoculated 
plants and checks. Pot 1 and the check plants, pot 2, were photographed 
one month after inoculation and ten days after removing the bell jara 
and allowing them to grow in the greenhouse air. Attempts to inoculate 
the prostrate stems by making incisions with a scalpel, introducing the 
spores and mycelium of the fungus, and then covering the wound with 
grafting wax to prevent drjung out failed to jdeld any positive results. 

The fungus and the host. The mycelium is stout, septate, and much 
branched, and ramifies through the tissues of the clover leaves. Within 
the leaves it is hyahne to pale brown in color, while the aerial mycelium 
is dark brown. The invasion of the leaf by the fungus causes such a com¬ 
plete collapse of the tissue that the relation of the mycelium to the host 
cells is made out with difiSculty. In so far as could be determined, the 
mycelium is, for the most part at least, intercdlular and there are no 
haustoria present. , 

About the tune the leaves begin to turn brown there can be seen appear¬ 
ing over the surface of the leaf the upright unbranched conidiophores. 
These grow out through the epidermis of the leaf, which is by this time 
in a shrunken and disorganized condition. The conidiophores are dark 
brown in color, and measure 60 to 90 by 5 microns, binder the hand 
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lens the growth of these conidiophores and the attached conidia appears 
as a dark brown, pow’dery surface in some places on the leaf. The conidia 
are borne on the tips of the conidiophores, one to several on a single 
conidiophore, as in figure 1 (a). They are brown, 3-septate, and the 
third cell from the point of attachment is bulged, so that there is a decided 
hump on one side of the spore, so much so in some cases that the spore 
is verj’’ nearly triangular. For the form of the spore see figure 1 (6). 
On germination the germ tubes are developed from the end cells of the 
spore (fig. 1 (c) ). 

Besides the spores above described there was found on the inoculated 
plants another spore form. Occasional small, dark spots could be seen 
on the leaves that were in the process of going down imder the attack of 
the fungus. These spots were about 1 mm. in diameter, and under the 
hand lens showed an apparently lighter 
margin. Microscopic examination of 
these spots showed them to be a push¬ 
ing up of the epideimis by a growdh of 
hyphae from beneath, and showed the 
lighter margin about the spot to be 
merely the colorless epidermis which 
had been pushed up by the growth of 
the fungus from the underlying leaf 
tissue. This covering soon burst and 
disappeared, and exposed an acervulus 
which stood distinctly above the sur¬ 
face of the leaf tissue. The acersmlus 
is composed of branched conidiophores, 
which form a very dense layer at their 
tips. This layer is composed of chains 
of spores, which are cut off in succession. (See figure 2 (a), which is a 
section 10 microns in thickness.) These spores, so formed, are very 
different from the above described spores (fig. 2 (c)). These acormli were 
observed on all the inoculated plants, but soon ran their course, and after 
a very short time only the large, up-standing conidiophores could be found 
on the material. Neither of these spore forms w^ere ever found on the 
cheek plants, and only the lai’ge, septate spore form was ever found in 
culture. 

The fungus in culture. Ihie fungus was grown on the following culture 
media: synthetic sugar-peptone agar, com meal agar, oat meal agar, 
potato agar, steamed rice, potato plugs, dead stems of MelUoius aXba, 
and on dextrose and maltose solutions. The myedium is generally dark 
brown in culture, although there is a wide range of the shades of brown^in 



Fig 1. Brachtbpobiom Ttpb op 
Spobes 

(o) Conidiophores and mode of 
attachment of spores; (6) *form of 
spores; (c) germination of spores 
(21 to 31 by 9 to ll;t). 
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the different kinds of media used. Spore formation was most abundant 
on the corn meal and oat meal agars. The greatest number of spores 
were probably formc'd on the com meal agar. On com meal agar a black 
felt of aerial mycelium is formed over the smiace of the medium, and 
this is composed of interwoven mycelium and the upright conidiophores. 
Conidia were also borne on short outgrowths from the horizontal my- 
cehum. These outgrowths were sometimes not more than half the length 
of the conidia themselves. The agar itself was tximed a deep purplish black 
in color. On oat meal agar, the growth of the aerial mycelium was more 
marked, as it in some cases practically filled the space under the lid of the 
petri dish. The medium became at first fawn-colored and then gradually 
changed to a “deep army brown” (Ridgeway). Potato agar yielded a 



a. 



b 

Fig. 2, Type op Spobes 

(ft) Detailed structure of conidia-beariug hsTpliac of an acervulus (epidermis has 
disappeared); (6) enlarged portion showing branching and spores in chains; (c) 
single spores, (Section IOai. ) 

good vegetative growth, the color changing through a slate-brown to 
almost jet-black; conidia were very rare in these cultures. On potato 
plugs the mycelial growth was slow and spai’se; no conidia were formed. 
In maltose solution (2 per cent) there was a growth of blackish mycelium 
for about ten days, after which growth ceased; no conidia were formed. 
In dextrose solutions (1 to 5 per cent) the growth was more ext^asive 
and continued for one to two months, producing a mat of black mycelium; 
no conidia were formed. In these solutions irregular dumps of oval to 
spherical dai’k-brown cells were devdoped in the mycelium in great abun¬ 
dance. These w^ore also formed in the various agar mediums. On sypt- 
thetic-sugar-peptone agar there was a m 3 ’^celial growth less dense than 
that on the oat meal and com meal agars, but there was an abundant 
formation of conidia on the sugar-peptone agar. On the stems of Meli- 
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lolu.s aJba a outgi-n^\th of conklioplioi os appeaml from all aides of 

llio stem, and on tlu' lips of Ihoao a very groat numhor of oonidiosporos 
wore borne. 

Cultures of all of the above named kinds of siibsiiata were kept imdci 
o])scivation foi five months, under varying eonditions as to light and 
tompt'rature. Test-tube cultures were allowed to diy out slowly so that 
at the end of five months many of them were air dry. No difference of 
giowth was observed ])etween eultures kept in the light and in the dark. 
Xo glo^^th oecuired in cultmes kept at 4° to 6°C. Slow growth, without 
th(‘ formation of eonidia, occuued in eultuies kept from 10° to 14°C. 
lor seventy-five days, (liowth was rapid and eonidia foiniation abun¬ 
dant in Lultures kept at tempeiatures langing around 20° to 22°C. No 
gro\vth occurred in cultures kept at 26°C. 

Ideniitij of ihe fvngvs} The larger and very common spore-form 
clearly belongs to the genus Brnchghpouvm Sacc. among the Deinataceae. 
Tliis genus, as at present Imiited, contains species whose spores, as found 
in pulilished exsieatti, certainly do not depart much from the typical 
Helminthospoiimn spores. The mere fact that thej^' arc characterized 
as shorter than Helminthosporium spores seems scarcely a sufficient 
generic distinction; at the same time, other species of the genus Brachy- 
spofiiim possess spores approaching or similar to those of the white clover 
fungus. It would seem that the marked ventricose or asymmetric char¬ 
acters of certain species, along with Ihnited septation, could be made a 
better basis of distinction between the two genera. Both contain parasi¬ 
tic species, and a more complete knowledge of their life-histories is desir¬ 
able for mycologic purposes. 

The undoubted presence of another spore-form, produced in an acer- 
vulus, raises the question as to the proper position of this species. Since 
no ascus stage has been matured—although suspected—in culture, the 
naming of the fungus has to do with the spore forms at hand. Theoreti¬ 
cally it might be assumed that the acervulus stage is one of higher stand¬ 
ing mycologically; still this would be a mere assmnption. The char¬ 
acters of the latter spore form tluw it into the genus Blennoria Fr. 
There can bo no question, however, that this stage is of secondary impor¬ 
tance in the life liistor^’- of the fungus. This is shown by its sparse occur¬ 
rence on the host, by its absence in a variety of cultm*es, and by the 
fact that infection occurs rcadilj’^ and abundantlj'^ when the Brachy- 
.^po^i^ml spores are used exclusively. At any rate such a name would be 
of little practical value as compared with the one suggested for it. The 
following is the technical diagnosis of the fungus as far as it is known. 


1 Identity of the fungus and the technical description by Dr. C. H. Kauffman. 
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Technical description 

Brachysporium trifolii sp. nov. Kauffman. Hyphae rigid, brown, 
valuing to sub-hyaline within the host, or dark fuscous in culture, 4 to 
5 microns in diameter, septate, branched; deniatiaceous conidiophores 
arising singly, simple, rigid, stout, strict, dark fuscous, 60 to 90 microns 
long, 5 to 6 microns in diameter; conidia unequally ventricose-pyrifonn, 
mostly curv'ed, vai’jdng to obovate, veiy rarely triangular-lobed, obtuse 
to rounded above, sub-acute downwards, usually 3 septate, antepenulti¬ 
mate ceU enlarged, especially on the convex side, dark fuscous brown, 
thin-walled and smooth, 21 to 31 by 9 to 11 microns. Secondary spore- 
form in acervuli on the host, sub-epidermal at first, ermnpent, conidi¬ 
ophores crowded, much-branched, upwards sub-hyaline, slender; conidia 
apical in chains, continuous, hyaline, sub-cylindric, obtuse at the ends, 
8 by 10 by 2 to 3 microns. 

Parasitic on leaflets and petioles of Trifolium repens. Takoma Park, 
near Washington, D, C. 

Conclusions. As a result of the above recorded studies and a com¬ 
parison of these with the published records of other clover diseases, it 
appears clear that we have here a distinct and imdescribed fungus which 
is pathogenic to w’hite clover {Trifolium repemj. 

University op jMighigan 
Ann Arbor, Michigan 
June 21, 1920 



OBSERVATIONS ON CYTOSPORA CHRYSOSPERMA IN THE 

NORTHWEST 

Ebnbst E. Httbekt 
INTEOBUCnON 

The weather conditions during the unusually dry summers of 1917, 
1918 and 1919 were influential factors in the widespread and abundant 
appearance of Cytospora chrysospeima (Pers.) Fr. upon certain forest, 
shade and ornamental trees in the Northwest. Observations and experi¬ 
ments have demonstrated that this canker-producing fungus readily 
enters and parasitizes a host that has previously become weakened or 
injured or had its twigs or branches killed by drought or other causes. 
There is, therefore, a real danger of epidemics of this disease resulting 
from drought. 

Long^ has given a good account of the characteristics of this canker 
and has drawn special attention to the fact that suppressed, injured or 
drought-etricken trees are particularly susceptible to the attacks of this 
fungus. 

The fungus is very common tliroughout the states of Montana, Idaho, 
Wyoming and Washington, and causes consideral^e damage to a variety 
of trees. The following list of collections gives but an indication of its 
distribution, and includes some new hosts. The numbers refer to the 
collections in the herbarium at the Laboratory of Forest Pathology, 
Spokane, Washington. Cytospora chrysospenm has been collected and 
reported from the following places: 

On PopiUus irichocarpa: Gamp Crook, S, D., No. 6699; Boulder, Mont., 
Nos. 9204, 9558; Great Falls, Mont., No. 9062; Missoula, Mont., Nos. 
647, 3967, 1253; (Propagation cuttings) No. 6696; Twin Lakes, Idaho, 
reported; Newport, Wash., No. 116; Spokane, Wash., No. 1252. 

On Popuhis tremuloides: Deadwood, S. B., No. 11435; Bonner, Mont., 
reported; Briggs, Ida., No. 87. 

On Populus h^amifera: Lyman, Wyo., No. 8997; Priest River, Ida., 
reported, • 

On Popitkis delirndes: Beadwood, S. B., reported; Missoula, Mont., 
Nos. 6697, 645; Miles City, Mont., No. 11046. 

^ Long, W. H. An undescribed canker of poplurs and willows caused by Ojrto- 
spora ohr^sperma. Jour, Agr. Researeh 13:1^1-343, May, 1918. 
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On Acer circinatxm (scorclied by fire); Missoula, Mont., No. 6697. 

On Acer rvbrum: Spokane, Wash., Nos. 10166, 10568. 

On Acer glahrum: Locke, Wash., reported; Missoula, Mont., 10029. 

On Prunus demissa (scorched by fire): Missoula, Mont., No. 6072. 

On Sambucus glauca: Bellingham, Wash., No. 8053. 

On Sorbm scopuUna: Missoula, Mont., reported. No. 3966. 

On Salix lasiandra: Idaho City, Ida., No. 6703. 

On Salix spp.: Wheatland, Wyo., No. 9210; Melrose, Mont., No. 11404; 
Glasgow, Mont., No. 10566; Darby, Mont., No. 6700; Noxon, Mont.. 
No. 10763; Addie, Ida, reported; Priest River, Ida., No. 11808; Twin 
Lakes, Ida., reported; Spokane, Wash., Nos. 10161, 10162. 

SUSCEPTIBILITY OP'LOW-VIGOE HOSTS 

Inoculations conducted under controlled conditions at a greenhouse at 
hlissoula, Montana, indicate that the fungus is parasitic (wound parasite) 
when once an entrance is secured through killed or weakened tissues. 
The following inoculations were made by means of incisions in the bark 
with a sterile scalpel and spore tendrils from infected material placed 
within the cut. The inoculated plants were enclosed for five to seven 
days within celluloid cylinders plugged at both ends with cotton. 

No. 6682^ 

Three plants of Populus inchocarpa 12 to 15 inches in height were 
inoculated with pycnospores of C. chrysospenna on June 25, 1916. One 
plant 12 inches in height, with small leaves, was of decidedly low vigor 
at the time of inoculation; the other two were vigorous (seedlings from 
natural habitat) as were also the controls. Cankers and small raised 
pustules were noted on the first plant on September 20, and coiled spore 
masses were present in abundance on November 25. This plant (Red. 
The two vigorous plants failed to become infected. The vigorous plants 
were seedlings transplanted into the greenhouse the previous season. 

No. 5987 

Three cuttings of P. trichocarpa 16 to 18 inches in hdght were next 
inoculated on April 13, 1917. All three plants were noted as dying on 
October 17. During the month of November a large quantity of pycno¬ 
spores were produced from typical cankered areas. 


• OoUection number. 
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No. o987a 

Three cuttings of P. incJwcarpn 10 to 12 inches in height were inocu¬ 
lated on April 13, 1917, and then placed for nine days in large test tubes 
lightly plugged, with w'ater enough to supply each cutting. They were 
then potted in the greenhouse. Abundant pycnospores were noted on 
November 16, and more were produced following this date. All three of 
the cuttings died. 


No. 6678 

Two plants of P. trichocarpa, one 1.5 inches in height, of low ‘vugor due 
to drought, and one vigorous 17 inches in height, were inoculated April 
13, 1917. The weaker plant developed an abundance of pycnidia by 
September 5, 1917, while the more vigorous plant developed only one 
small canker with a few pycnidia in October of the same year. 

The inoculation experiments show that the low-vigor plants succumbed 
to the disease more readily, wliile the notably vigorous plants did not 
even become infected, or showed only slight infection. 

A large number of field observations corroborate the rather meager 
inoculation data. On June 21, 1917, a young tree of 8orbus scopuhna 
about 12 feet in heigh- was found in a yard at hlissoula, Montana, which 
had the upper half of its limbs and twigs killed by Cytospora cfv'ysospemm 
(No. 3966). Inquiry brought out the fact that drought had caused the 
first signs of low' ^-igor in the tree. This was soon followed by cankered 
areas on the upper parts of branches and twigs, and finally death of these 
parts. The disease finally extended to within three feet of the ground. 
Careful pruning removed the diseased parts, and newr sprouts developed 
from the base the following year. These remained free of disease during 
1918. Several other cases also were noted on the same siiecies of tree, 
and in all of these low vigor was induced by neglect of the trees. J. E. 
Weir wcords a set of three large trees of the above named species in a 
yard in jMissoula, Montana, which received insufficient water during the 
dry summer of 1917. The trees gave evidence of extreme low vigor. 
Cytoapora chrysosperma invaded the dead tips of branches and twigs, and 
in the fall of the same year all three finally succumbed to the girdling 
effect of the fungus. He also records a heavy infection of the fungus on 
the shade trees scopuUna) at Bozeman, Montana, in 1916. The 

attack was so severe that a large number of the trees were killed in the 
same year and were later uprooted and destroyed. Many instances are 
noted in various cities and towns of the Northwest where cottonwood 
trees used as shade trees contracted the disease after being weakened by 
neglect or by injuries and were finally killed bj’- it. 
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On July 22, 1919, five &hado trees of Acer ruhrum growing along the 
parking on one of the residential streets of Spokane, Washington, were 
found in a dead or d 5 dng condition. Inspection disclosed the tendrils of 
Cytospora chrysosperma issuing from cankered areas on the lower trunk 
in each case. Injury to the lower trunk and neglect, were determined 
as the weakening factors. Ver 5 ’' few infections were found in the twigs 
in this case. Sprouts had developed at the base of the dead trees. 

Light ground fires developing in the forest often injure and weaken 
a large variety of the more hardy shrubs and trees. These later develop 
chai’acteristic cankers, and finally the deep red spore tendrils of Cytospora 
chrysospei'ina appear. The host attacked is eventually killed by the 
fungus. Prumis demissa, SorhiJS scopulhm, Acer cvrcitiatum, Populus 
tremuloides, Populus trichoenrpa, and species of Salix are the hosts most 
commonlj’- affected in this manner. No doubt the list of hosts will he 
extended as collections increase. A collection on Quercus sp. (No. 4837) 
made in Pennsylvania is also to be mentioned here. 

On cut-over areas where slash fires develop several years after the log¬ 
ging operations, an enoimous amount of the Cytospora disease is found 
on the weakened and scorched cottonwoods, w’illows and maple growing 
on these areas. In these cases both the scorched surfaces of the trunks 
and the upper pans of twigs and branches become infected. Such con¬ 
ditions hasten the death of the hosts. 

The Cjdospora canker has been foimd to be qhite common on almost 
all species of 'wiUo'w, and an unusual form of infection has been collected 
on this host (No. 10566). In this case a well-formed witches’-broom had 
developed by the dying out of the main shoots and the subsequent growth 
of numerous new shoots behind the infected areas. These shoots in time 
become infected also. Long’ has mentioned this advance of the disease 
from the ends of cut-off branches to the new shoots formed about the 
pollarded ai’eas. 

There ai'e two characteristic forms of pycnosporo deposits found upon 
the bark of the hosts. The most common one is the spore-tendril or 
spore-horn form, in which the pyonospores issue from the pycnidia in 
long, coiled, dark red masses. These coils are formed imdcr normal 
moistm'e conditions. If, however, abnormal moisture is present but not 
sxifBcient to wash away the spores, globular, sticky masses of spores are 
formed about the openings of the pycnidia. These dry down to hard, 
dark red hemispherical masses. In some few cases a tendency toward 
lighter colors is found on certain hosts, ranging from a salmon-orange to 
orange-chrome.^ 

»Loc. cit., p. 332-338. 

' * Ridgeway, Robert. Color standards and color nomenclature. 43 p., 53, col. 
pi. Washington, D. C., 1912. 
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AMOUNT OF DAMAGE CAUSED 

The damage caused to trees growing in the forest is vastly greater in 
amount, though less from a financial standpoint, than that caused to 
shade and ornamental trees, since most of the hosts attacked in the forest 
are of the broadleaf species, which are not so extensively used in the 
lumber industry in this region as are the conifers. 

Cytospora chrysosperma causes one of the few diseases which are found 
to' damage seriously and eventually kill certain species of shade and 
ornamental trees. Its habit of attacking trees of low vigor, gradually 
pai'asitizing the tissues, and finally kiUing a portion or all of the tree by 
girdling, lends itself admirably to the conditions under which a large 
number of such trees are found. During the dry summer and autumn 
many of these trees are neglected. Insufficient watering is the most 
common cause of low vigor, and this results in weakened or killed twigs 
and branches. Often careless pruning or untreated injuries open a way 
to the entrance of the fungus. Fire sometimes damages shade and orna¬ 
mental trees, as weU as those in the forest. In nurseries where propaga¬ 
tion cuttings of cottonwood and willow are grown the disease is very likely 
to make its appearance, since under these conditions the fungus readily 
gains entrance. In the spring of 1917, at Missoula, Montana, about 
fifty cuttings of Populus trichocarpa were planted out in propagating 
beds by a nurseryman. During the summer every one of the cuttings 
died. Characteristic cankers were formed near the base of the stems, 
and upon placing several specimens in damp chambers for one to three 
days abundant spore tendrils of Cytospora chrysosperma were produced 
(No. 6696). Eeports have been reemved of similar cases in other nurs¬ 
eries. Cuttings of cottonwood shipped into Montana from North Dakota 
have been foimd heavily infected by the disease. Care, therefore, should 
be taken to prevent the spread of the disease through infected nursery 
stock.’ 

In the Northwestern states, and in Montana particularly, the majority 
of shade trees planted in the earlier days of the communities were species 
of Populus. These were selected because they were expected to develop 
better under the arid and semi-arid conditions of certain localities than 
some of the other better known or more desirable ^ecies. It has been 
found that the cottonwoods are undesirable for shade trees in parkings, 
lawns, etc., on account of the damage caxised to c^ent sidewalks and 
tile piping by the fast-growing and wide-spreading root system. In 
^Missoula, Montana^ and in Spokane, Washington, many cement walks 
have been upheaved and broken by the growth of large roots of cotton¬ 
woods beneath them. Cottonwoods are very susceptible to injury 
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through neglect. Lack of water, mechanical injuries and heavy pollard¬ 
ing or pruning being very common forms of neglect and abuse, the trees 
are easily attacked and killed by the Cytospora. In recent years fewer 
cottonwoods are being planted, and the old trees are being replaced by 
more desirable species. The willows, maples and mountain ash (Sorhus 
scopulina) are attacked to a less extent. Few willows are used for shade 
or ornamentation, but maples and moimtain ash are used extensivelj^ in 
this region. The conditions under which the fungus thrives present a 
real danger of epidemics developing in years of imusual drought. 

GONTEOL METHODS 

The following control methods are recommended: 

a. The most resistant species, or those not attacked by the fungus, 
should be selected for planting. 

h. Shade trees should be watered regularly and abundantly, and should 
be protected against mechanical injuries. 

c. Rigid inspection of nursery stock should be enforced, to prevent the 
spread of the disease. 

d. AU infected portions of nm*sery stock and of infected trees found in 
parkings, lawns, etc., should be cut away and burned. 

Office op Investigations m Fobest Pathology 
Btjeeaxj of Plant Industry 
Spokane, Washington 



THE EFFECT OF CITRIC ACID ON THE GERMINATION OF 

THE TELIOSPORE8 OF PUCCJiNIA GRAMINIS TRITICIi 

A. F. Thiel and Fbebman Weiss 
With One FianEE in the Text 

It is general^ believed that the teliospores of stem rust will not ger¬ 
minate until spring, following exposure to low temperature and alternate 
freezing and thawing. Evidence that a natural res^ period is required 
was olitaincd by failure to secure germination of these spores after sub¬ 
jection to low temperature (—10®C.) and repeated freezing and thawing 
in early December, 1919. 

hleans were then sought for shortening the rest period, which it was 
conceived might be due to either or both of two causes, viz., after-ripen¬ 
ing changes in the spore contents or low permeability of the spore wall to 
water. The following methods of overcoming these conditions were 
suggested by the work of Crocker (1), Eckerson (3), and Rose (4) on 
after-ripening in seeds, and of Shull (5) and Denny (2) on the permeabil¬ 
ity of seed coats. 

1. To hasten after-ripening: 

a. Subjection to increased oxygen pressure. 

h. Treatment with acids to modify the enzymic changes occurring 
within the spore protoplasm and to increase its hydration capacity. 

2. To modify the permeability of the spore wall: 

a. Subjection to alternate freezing and thawing and to constant low 
tomporatm*e. 

h. Treatment with lipoid solvents and acids to change the chemical 
nature of the wall. 

Spores were treated by the methods outlined under 2, but none of the 
treatments caused them to germinate. However, when placed in dilute 
citric acid for shoii: periods, they subsequently germinated readily. 
The apparentb' specific stimulating effect of this acid on the germination 
of stem-rust teliospores is considered of sufficient interest to justify a 
preliminarj" report. 

^ Cooperative investigations between tbe Agricultural Experiment Station of the 
University of MLanc^ota and the Office of Cereal Investigations, Bureau of Plant 
Industry, United States Department of Agriculture. 

Pubmhed with the approval of the Secretary of Agriculture and with the approval 
of the Director of the Minnesota Agricultural Experiment Station as Paper 201 of 
the Journal Series of that Station. 
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On August 12, 1919, telial material of Puccinia gramims tntici was 
collected at University Farm, St. Paul, Minn., and stored outside in 
wire cages. Short pieces of rusted straw were exposed to chloroform 
vapor for one minute. It was found that this exposure to chloroform 
vapor either killed saprophytic fungi or inhibited their growth. Acidu¬ 
lated alcohol was similarly effective but 95 per cent alcohol alone did not 
prevent the development of contaminating fungi nor did exposure to ether 
for thirty seconds. In these cases various! molds, particularly Penicil- 
hum, Helminthosporium, and Fusarium, developed on about one-tliird 
of the test material. 



Fig. 1. Graphs Showing the Percentage or Viable Telioupores or Puccinia 
giaminis fn/ioi When Treated with 1 Per Cent Citric Acid 
Dxjrino Dipperent Periods or Time 


After exposure to chloroform vapor the stems wore immersed for 
various periods, ranging from five minutes to one lioiu, in 1 per cent 
citric acid. The germination tests were then made by placing the treated 
material in small vials, lined with moist filter paper. These were corked 
and placed in a refrigerator where the temperature was about 6®C. Ex¬ 
perimentation had shown that better germination could be obtained by 
this method than by any of the hanging-drop methods. The percentage 
of germination was determined by carefully transferring small portions of 
the telia to a drop of water on a slide, slightly separating the material, 
adding a cover slip, and examining under the microscope. This treatment, 
when carefully caiTied out, did not result in separation of the promyc61ia, 
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and subsequent development could be followed on the slide. Counts were 
made of the number of germinating spores in three different portions of 
the field. 

Teliospores treated with 1 per cent citric acid were examined for germi¬ 
nation on December 23 and 29, 1919, and January 14, January 26, and 
February 22, 1920, as shown in table 1. Control tests were made on 
each occasion, but no untreated material germmated at any time. The 
othei’.treatments listed in table 2 also were not successful in causing germi¬ 
nation. The best germination obtained was 15 per cent from teliospores 
which had been exposed to citric acid for fifteen minutes. 

Repeated results indicate that this period of immersion is the optimum 
(see fig. 1). In one out of five trials 1 per cent of the teliospores germi¬ 
nated after exposure for five minutes and 0.2 per cent germinated after 
exposure for forty-five minutes. No germination occurred after longer 
exposure. 

TABLE 1 


The effect of citric acid on germination of teliospoTea of Puccinia graminia tritici. as 
shown by germinaiion -percentages of lots treated for petiods 
varying from Jive to forty-five miniUes 


OATD ON WHICH 


DUB4.T10N Off nXffOSUBn IN MINUTES 


N4.TION WAS 

5 

10 

15 

20 

26 

30 

85 

— 

46 

December 23,1919 .... 

1 

0 

0.3 

1 

1 


m 



0.2 

December 29, 1919 .. 

0 

0 6 

3 

2 

Bwl 


0.15 

0 

0 

January 14,1920. 

0 

0 4 

15 

8 


RH 

0 

0 

0 

January 26,1920*. 

1 

S 0 

5 

4 


0 1 

0 

0 

0 

February 21, 1920. 

0 

0 8 

6 

3 


0 

0 

0 

0 


Germination began after two and a half days. A vigorous, well-devel¬ 
oped promycehum with completely formed sporidia was produced in 
three days. In most cases only the lower cell germinated. The upper 
cell of a few spores sent out a promycelium, but in no case did both cells 
of a single spore germinate. 

On Februarj’’ 25, 1920, teliospores which had been exposed to citric 
acid for fifteen minutes were placed on leaves of B&rhms vulgaris and 
frmontii and the plants were then kept in a moist chamber for forty- 
eight hours. The beginning of pyenial development was clearly visible 
on both hosts on March 7, apd abundant pycnia were formed by March 
10. On February 27 inoculations again were made, some with telio¬ 
spores which had been treated with dtric add and others with spores 
which had been soaked only in distilled water. Pycnia again appeared 
in eleven days where treated spores had been used, but no infection was 
obtained from the checlss. 
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Tests also were made with butjrric acid, as this has been shown (3) 
to be effective in hastening after-ripening of seeds, but inconclusive 
results were obtained. Germination of a single spore was observed in 
material that had been stored indoors since its collection in November 
and not subjected to alternate freezing and thawing. On the other 
hand, no germination was obtained from material which had been stored 
outside all winter. Further expeiiments are under waj’’. 

It is highly probable that germination of teliospores might have been 
obtained much earlier had this treatment been discovered earlier in the 
season. The nature of the effect of citric acid is at present under inves¬ 
tigation, and various ^jalts of the acid are being tested. The fact that 

T4.BLE 2 

Treatments used in germination evper%ments until tehospores of Puccinia graminis 
tritici, the combination employed being indicated by asteiisks. 

No germination was obtained in any case 



THE VTMEVT 

TBDATED MATBBIAI* EXPOSED 
TO 

CHCMICiL 

Soaked in distilled 
uateroBe hour placed in 

Alternate 

Tempera- 

Tempera- 


solution 

for 

number of 

freezing 

ture of 

ture of 


nunutca indicated. 


and 

C®C in ice 

25°C in 








thawing 

box. 

incubator 


1 

20 

30 

10 

50 

60 

hcl, . 

4 


1 




* 

> 

+ 

Phosphoric acid, 1 per cent. 






+ 

4. 


+ 

■FT»Sn. 3 m m jiTifl 2 m 

* 

♦ 

♦ 

4. 

+ 

■ft 



A 

Tannic acid, 1, 2, and 5 per cent. 

* 

* 

♦ 

* 

* 

• 


4. 

A 

Lactic acid, 1, 2.5 and 5 per cent. . 



It 

4. 


A 


1t 

A 

TTHT. ''I tiv M onri 2 m 

10 0 ? TOO? To? To •’•• • 


♦ 

K 


4t 

1* 


H 

A 

Phenol, 1, 2.5 and 6 per cent. 

M 

4. 


i 

* 

V 


4. 

4 

HsOa (Merck’s), 0.0625, 0.125, 2.5, 










and 3 per cent. 

* 

♦ 

♦ 

♦ 

4. 

* 



A 

Acetic acid, 1, 2.5 and 5 per cent.. 

4> 

* 

1 

4. 

* 

Si* 

i 


♦ 



hpoid solvents and sodium hydroxide were ineffective, though ordinarily 
increasing the permeability of cell walls to water, makes it appear doubt¬ 
ful that the effect is whoUy on the spore wall. The fact that acids other 
than citric do not produce a similar effect may indicate that the process 
is not one of hydrogen ion catalysis. There is at least a possibility that 
the add may act as a specific activator, as it is known that the lipase of 
castor-oil seed requires activation by an acid, although in this case any 
add will suffice. 

Office of Cebeal Investigations, Bureau of Plant> Industry 
United States Department of Agriculture 
AND Department of Agriculture, Universitt of Minnesota 
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BRIEFER ARTICLE 


APPLE BLACK ROT (SPHAEROPSIS MALORUM BERK.) IN OREGON^ 

C. R. Stillingdb 

While some investigational work was being carried on in the orchards 
about Corvallis, Oregon, during the faU of 1916, a number of apples with 
the larger part of their sui’faces blackened were noticed hanging upon the 
trees. In one orchard four large trees of a yellow variety, but appar¬ 
ently seedlings, were found with the greater part of the fruit affected in 
this way. In fact, both the branches of the trees and the ground under¬ 
neath were covered with plump as well as shriveled black apples. The 
general appearance of the affected specimens was so suggestive of black 
rot that an examination was made for cankers or leaf spots, but none were 
found.® Further search for the disease on apples kept in storage by the 
Horticultural Department of the Oregon Agricultural College revealed 
the fact that it was quite common upon the stored apples. The trouble 
was found upon Northern Spy, Rhode Island Greening, Wagner, Dela¬ 
ware Red, Baldwin, and Newton apples. 

Since up to this time the typical black rot of the East had never been 
reported definitely from the Pacific Coast, an investigation of this disease 
was made. Previously, Lawrence (1) had reported from western Wash¬ 
ington a black spot canker on apple trees, which, although he considered 
it a possible black rot canker, proved to be the northwestern apple tree 
anthracnose. Dr. F. D. Heald of the Washington State Agricultural 
College, Pullman, Washington, in a personal conversation, stated that 
he had received some apple bark from Vancouver, Washington, during 
the fall of 1918, infected with what appeared to be black rot, but that he 
had not been able to investigate the case further. 

1 This work was done in the laboratories of the Botany and Pathology Depart¬ 
ment of the Oregon Agricultural College. Corvallis, Oregon, The writer wishes 
to thank Prof, H. P. Barss for his many helpful suggestions and the facilities afforded 
for carying on the work. 

2 Mr. S. !M. Zeller, Department of Pathology, Oregon Agricultural College, 
Corvallis, Oregon, in a letter dated September 2,1920, writes that he has collected 
apple leaf spots this summer at Corvallis, Oregon, and Salem, Oregon, which 
produce a rot on apples very similar to that produced by a culture of Phijsrdoapora 
cydonae secured from Hesler. 
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In 1915, in an unpublished thesis for the Pathology Department of 
the Umversity of Cahfomia, Hahn (2) reported an investigation of an 
organism that fits the desciiption of the eastern black rot in practically 
every detail. Because the fungus produced more two-celled than one- 
celled pycnospores, he finally called it a Diplodia, but could assign it to 
no particular species. However, the later work of Hesler (3), in 1916, 
showed that it was not at aU unusual for a strain of black rot to produce 
a majority of two-celled pycnospores. He says: “It appears that certain 
species of Sphaeropsis have been confused with those of Diplodia. The 
two genera are separated on the basis of one-celled spores in the former 
and two-ceUed spores in the latter. But both genera fail in their chief 

distinction, so that mycologists have been misled on this point.” 

“Apparently, from a single pycnidium in which the spores are of a given 
type there may develop in succeeding generations a wide variation in 
size, color, shape, and septation. In an early stage the Macrophoma type 
may appear in both size and color; later the Eu-Sphaeropsis type, one- 
celled, brown; and finally the Diplodia forms. The variable shapes that 
may be found in the generations succeeding a given type indicate that 
two-celled forms may be mere deviations in the life cycle.” 

“Cultural studies were made of an apple strain (no. 82) with reference 
to this and other morpholo^cal oharacteis. A single ellipsoidal, brown, 
one-celled pycnospore, 10.8 by 21 pt in size, from a pycnidium in which all 
the spores w^re one-ceUed .... was isolated on March 3, 1913, 
and a pure culture was developed from it. Examination of the culture 
at intervals showed the development of hyaline, Macrophoma-like spores. 
At the end of twenty-four days these had become brownish, and, while 
the majority were ellipsoidal, averaging from 9 to 10 ja by 21 to 22 a 
few were pyriform and measured 12.6 by 30.6 n. At the end of fifty days 
an occasional spore was found with a cross-wall; after eighty days 30 
per cent of the spores were two-celled, and on May 27, 60 per cent were 
bicellular.” 

Thus Hesler’s experiments showed that the same strain passes through 
a stage of development from a one-coUed, hyaline-greenish to a septate, 
brownish spore, the type of the ^ore depending upon its age. Hahn 
noticed this in his California strain, and based hib decision on the older 
type of spore. Regarding the rot, Hahn states, as a result of his com¬ 
parative study of the California fui^us with a New York and Massa¬ 
chusetts strain of black rot: “This rot is identical with that caused by the 
Eastern Sphaeropsis, both in appearance and a^resaiveness.” How¬ 
ever, he considered the dark, two-ceUed, elliptical spore the mature type, 
and th«[efore called the fungus a Diplodia. Thus it is very probable 
that Hahn found the black rot organism in California, but did not recog- 
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nize it from what was known of the life history of the eastern black rot 
at that time. 

The strain occurring in Oregon is very probably different from that 
found by Hahn, since his fungus produces a canker on apple trees, while 
the Oregon fungus results in a rot of the fruit. The characteristic appear¬ 
ance—the coal black color—makes the Oregon strain easily recognizable 
wherever the disease may occui*. Infected fruit will generally remain 
longer upon the tree than ripened fruit, even hanging there over winter. 
In the early stage of the disease, although the apple may be completely 
infected by the fungus, the fruit remains quite firm and leathery, retain- 
ing the origmal plump appearance of the normal apple. Gradually, 
however, the apple shrivels and dries into a hard, wrinkled mass, due to 
the breaking of the cuticle by the fruiting bodies, which permits the 
rapid evaporation of the moisture from the apple. The surface of the 
apple turns black up to within a short distance of the advancing margin 
of the spot invaded by the fungus. Yet, there is generally an area of 
about 5 mm. bordering the blackened area, which is brownish. The 
above mentioned fruiting bodies (pycnidia) are scattered quite generally 
over all the older portion of the blackened surface of the apple. 

Internally the fleshy portion of the apple is of a lighter color than the 
external surface, being brownish black. Here also appears a distinct 
brown layer separating the healthy from Ihe diseased tissue, which seems 
to be quite as firm as the healthy portion. The fungus spreads uniformly 
in all directions in the apple, showing no particular preference for any 
region. The mycelium penetrates the tissue in the intercellular spaces. 
It accumulates directly under the cuticle of the apple as a dense, black 
mass, which gradually enlarges and apparently dissolves its way through 
the cuticle. At the same time the cells are crushed below, and thus a 
pocket is formed, filled with a pseudo-paranchymatous mass of hyphae, 
which gives the structure a reticulate appearance. 

As the fungus grows, this pseudo-parenchymatous mass becomes less 
dwtinct, and pycnidia develop, which finally rupture the cuticle. These 
pycnidia are either unilocular or multilocular, and accordingly Vary a 
great deal in size; they sometimes occur singly, but usually in groups of 
two or three. Inside the pj’cnidium is a mass of spores held together by 
a mucous-like substance. This oozes forth in a curled, white, tendril- 
like cirrhus, which may be 5 mm. long. These spore horns are very 
coi:spicuous as they coil out over the surface of the apple. Microscopic 
examination shows ipiat the mass of spores is held together by a gelati¬ 
nous substance, which gradually dissolves in water and libwabes the spores.* 
After water wa^es away the spores, a black body remains, appearing 
very much like a peritheoium, with a round ostiolate opening projecting 
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out of the cuticle, the fragmented edges of which may be seen partially 
inclosing the structm-c. Conidiophores are found in the pycnidia. In 
some cases they consist of single, long, unbranched filaments bearing a 
spore from the side of each cell; occasionally there is more than one spore 
produced per cell. In other cases the conidiophores are branched and 
spores may be scattered along the filaments. In all cases they are sessile 
and are not aggregated. On the other hand, the spores that occur in the 
cirrhus are oval to elliptical; hyaline to greenish; generally unicellular, 
some septate; measuring on an average 9 microns wide by 25 microns in 
length. 

The fungus has been grown upon potato-dextrose agar, Czapek’s 
medium solidified with agar, Czapek’s medium as a liquid, and crushed 
apple tissue. In all of these culture media it grew rapidly and abun¬ 
dantly. The mycelium is appressed to the medium and is hyaline in 
young cultures, but in older ones it becomes greyish and the substratum 
black. Thus the fungus produces the same discoloration in culture 
media that it does in the tissue of the apple. Distinct zonation occurs, 
the outer zone being hyaline to greyish, the inner and older zones turning 
greyish black. The optimum temperature for growth is about 20° to 
25°C., the fungus being greatly retarded in growth at 15° and killed at 
35°C. 

After about two weeks, either on solid or liquid media (if the culture is 
not disturbed), the mycelium collects on the surface in little sclerotia-like 
masses, which form pycnidia. These develop successively from the 
center of the culture outward, and are more uniform in size than those on 
the apple in nature. Eventually a yellowish drop oozes from each pyc- 
nidium, resting as a globular body on the top of it. This globular body 
is composed of thousands of spores held together by a gelatinous sub¬ 
stance* The manner of exudation of the spores is somewhat different 
from that previously described as occurring from the pycnidia on the 
apple fruit under natural outdoor conditions; it does develop, however, 
upon inoculated apples that have been kept in a damp chamber. The 
spore horns that occur in the field have also not been observed in culture. 
They are evidently reduced to this globular mass, due to the greater 
amoimt of moisture present in the air in the cultures. No spores have 
been found except those that occur in this gelatinous mass or in the spore 
horns. 

The fungus was also grown upon Baldwin and Newton apples. The 
apples were sterilized with alcohol, washed in sterile water, and placed 
’in a damp chamber. A small section of each apple was raised with a 
sterilized scalpel and a few spores from a globule of a pycnidium devel¬ 
oped in culture weie inserted into the apple. In three days the inoou- 
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lated spots began to turn brown; in eleven days pycnidia were forming 
upon the apples; and in fourteen days globular exudations began to 
appear. Within a month the apples were completely blackened. 

To determine whether the fungus would infect without a wound through 
which it might gain entrance, Baldwin and Newton apples were sterilized 
in 95 per cent alcohol for five minutes, then washed in sterilized water 
and placed in a damp chamber. Drops of w’ater and drops of Czapek’s 
medimn, both sterilized, were placed upon the skins of seven apples, and 
spores of the fungus from a pm’e culture were introduced into the drops. 
Some drops op three other apples were left iminoculatcd. In five days 
browning of the spots occurred; in seven, slight blackening was evident; 
and in twelve, typical pycnidia appeared through the surface of the 
apples. In all but one case, where the water had either dried up or run 
off, infection was secm’cd and the typical disease produced. The checks 
showed no indication of infection. Thus direct penetration by this strain 
is possible if a small amount of water is present to allow germination. 
Although Hesler was unable to infect unbroken tissues of the apple fruit 
with the strains with w’hich he was working, yet this strain seems to be 
able to do so. Burrill and Blair (4) suggested that this might be possible, 
while both Scott and Roror (5) and Brooks and DeMeritt (6) actually 
demonstrated the penetration of healthy leaf tissue by black rot. 

Puncture inoculations upon apple branches, brought into the laboratory 
during January and placed in large bottles containing water, failed to 
result in any effect upon the branch other than the injury due to the 
puncture at the point of inoculation. The inoculated places were covered 
with celloiden tubes with the ends filled with cotton, one end of the cotton 
being in contact with water so that the inclosed aii* in the collar wa« kept 
moist. Under these conditions the branches started growth and pro¬ 
duced leaves. No inoculation experiments have as yet been made in 
the field. 

To test the viability of the spores, some of the shi'iveled apples were 
placed outside in a box near the window, where they would be subject to 
winter conditions. A few spores that would germinate were found in 
the pycnidia in the spring. 

Since this fungus seemed to agree so well with the published descrip¬ 
tions of the eastern black rot, it was compared with two of the eastern 
strains in culture and on apples. One was received from Doctor Hesler 
of Cornell and one from the Bureau of Plant Industry, United States 
Department of Agriculture. Under the same conditions in tube cultures 
and plate cultures on the same media no differences could be noted except 
that this particular Oregon fungus grew somewhat faster, produced a 
little denser mycelium, and fruited more quickly. 
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Comparative inoculation studies on Baldwin and Kewton apples 
showed a difference only in rate of growth, there being no variation in the 
rot produced. The pycnospores produced by the Oregon form were a 
trifle smaller and had a lighter color than the two eastern strains, which 
varied somew’hat between themselves. Hahn also found considerable 
variation in the two eastern strains with w'hich he worked, one from New 
York and one from Massachusetts. 

Thus .this paper reports for the first time the black rot, Sphaeropsis 
malorum^ from Oregon as well as the very probable occurrence of this 
disease in Washington and California. In none of these states does the 
disease appear to be of great economic importance as far as observed. 
The necessity for a more extensive study of the straans of Sphaeropsis 
and Diplodia has been very much impressed upon the writer as a result 
of this investigation and he hopes soon to carry on a study of this nature. 
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PHYTOPATHOLOGICAL NOTES 


Personal. A department of plant pathology has been established at 
the University of Arizona. Professor J. G. Brovin, instructor and 
assistant professor in the department of biologj’’ since 1909, has been 
appointed head of the new department and plant pathologist of the 
Agricultural Experiment Station. 

Mr. Koichiro Kawakami, assistant in plant pathologj' of the Botanical 
Institute of Tokyo University, Japan, succumbed to pneumonia on Janu¬ 
ary 15 of this -year. Kawakami’s work is for the most part yet unpub¬ 
lished. His work was in the main on the problems of citrus canker, in 
which he showed great perseverance, patience in obtaining conclusive 
results, and ingenuity in devising experimental methods. His unpublished 
work is at present being prepared for presentation by Dr. Tyozaburo 
Tanaka, formerly of the Bureau of Plant Industry, United States De¬ 
partment of Agriculture, and now residing in Japan. 

Kawakami was twenty-nine j^ears old at the time of his death. His 
education was in the elementar}'- schools of his birthplace, Kisarazu. 
Chiba prefecture, and in the schools of Tokyo. After graduation from 
the University of Tokyo he was a fellow of the graduate school of the 
University where he was fortunate in working under Professor Shhai, 
chief of the plant pathology dmsion. He later became assistant in 
plant pathology of the same university. His personality was unusually 
pleasing, and his interests wore deep and sincere. He was an admirer of 
our American universities and research institutions, and frequently ex¬ 
pressed the hope that he would be able to visit the United States for 
further graduate studies. His death is not only a loss to his friends, his 
university, and his profession in his own cormtry but is also a loss to the 
progress of our profession in America and other countries. 

H. Atheeton Lee, 
Philippine Bureau of Scie7ice. 
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COLLAR-ROT OF APPLE TREES IN THE YAmiA VALLEY 

J. W. H O T S 0 N 
With 15 Fighres in the Text 

INTEODUCTION 

The Yakima Valley is one of the principal fruit-giwing regions of the 
State of Washington. During the years 1913-1916, fire-blight became 
so prevalent that it threatened the verj’’ existence of the apple industry 
in the Valley. Bj’- drastic action this disease, although not extei*minatcd, 
is being partially controlled. At the present time (1920) the orchardist 
is facing another tjTDe of trouble that, largely on account of the subtleness 
of its behavior, promises in the long run to be ahnost, if not quite, as 
serious a menace as the fire-blight. A general suiTcy of the orchards 
from Selah to Grandview revealed the prevalence and seriousness of 
diseases attacking fruit trees at or near the crown and generally spoken 
of as “collar-rot” or "crown-rot.” 

The present article has to do with tliis malady as it occurs on fiuit 
trees in ihe Yakima Vallej", where most of the investigation wub carried 
on, although some experiments were made on trees in the vicinity of 
Seattle. 


LITERATURE 

The hteraturo on this subject has been quite fully reviewed by Grossen- 
bacher (18).^ That particular phase of the subject relating to arsenical 
poisoning is also reviewed by Swingle and hlorris (37). Various writoi*s 
working on similar types of injury have attributed the tiouble to a variety 
of causes. In Illinois (4), New York (18, 35), Wyoming (25), Nebraska 
(11-12), and Connecticut (6) it has been reported to be due to winter 
injuiy or frost, while in West Virginia (16), Pennsylvania (26), and certain 
parts of New York (38) it has been definitely associated with the fire-blight 


1 Reference is made by number to "Literature cited,” p. 484. 
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oigamsm Bacillus amyloio us In Coloiado it has been attiibuled to 
exces^n e iiiigaiion (28) w oolh iphis (28) and nsemcal poisoning (23 
24 39) Clitocyhc paiasitica has liecn sho\^n to be the causal oigamsm 
in Ollahomi (40) Xyla la polymoiphn in ^llglnla (13 14 15) and Noith 
Cdiohna (41) -while Aimillaim mellea has been found associated with \ 
similai condition in vaiious paits of the United States Othei fungi 
PolysUctus lei sicoloi Thelephoia galactina (SI) Hphaeiopsis (18 27) 
and Plew otus (18) have been occasionally found associated with coUai 
lot canlveis 



Fig 1 Av Orchard bnoiviNG VppLr Inrcs in thl Invixcrn St ices or 

Collar Rot 

Those in the foregi 5und aie aUead^ dead 
EXTENT NNTD DISTRIBUTION 

If toll 11 lot means the piesence of a cinkei it oi neu the ciown ol i 
fiuit tiee fiom whateyei cause then it would appeal fiom the aboxe that 
this disease is quite wideh chstiibuted o\ei the Inited States In the 
'iakimi \ alley it is eonsideicd extiemelv seiious The eximination of a 
ceitoin 5 aeie oichiid neai the city of lakima showed twenty-fixe tiees 
in which the disease could bo leadih detected simply by the fohage By 
a caieful tiee to tiee mspection lemoying the soil fiom the base of each 
tiee to 1 sufficient depth to deteimme whethei it was mfected oyer one 
hunched tree" weio found showing yaiious stages of deyelopment of the 
disease An oichaid moie seiioush affected than the one just mentioned 
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IS si own m 6^,010 1 wheie fiom the point fiom which the photograph 
was taken at least thii’t> affected tiees could be lecogmzed those in the 
foiegiouid ha\ing alieadj died 4n e\dinmation of othei orchards 



Fig V Teee irrncTED with Coll r Rot 
Showing a geneial siclly appea ance t tl s lall leaves spaiingly developed 

emphasized the fact that although only a few tiees might show the effect 
of the disease on the fohage a much higtr numbei showing the canker 
without the fohago symptoms could myaiiably be found by maling a 
careful sui\ ej 
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SYMPTOMS 


The mo's! striking s^Tiaptoins of collai-iot aic seen during the growing 
season. The leaves become jTllowish and much smaller than normal ones. 
In the eailier stages of discoloration of the foliage, a single hmb oi' portion 
of it may show signs of the disease. This hmb usually appears on that 
side of the tree on ivliich the canker occm*s; at least it lies along that 
^ portion of the vascular B 3 ’^stem that passes 

through the cankered area. As the disease 
^ progi’esses the whole tree takes on a sickly 

appearance, and the limbs, especially on the 
south side, become a light j^ellowish or 
3 TUowish-rcd color and more or less scalded 
in appearance. This condition of the bark 
maj' be due in part to malnutrition, but it 
is mainly due to the excessive action of the 
sun, since there is onty a limited amount of 
foliage. 

These general symptoms are sufficient for 
the detection of a tree in the advanced stages 
of the disease nearty as far as it can be 
seen. One of these trees is shown in figure 
2 , and one of the cankers in figm’e 3. 

An examination of the crown of 
such a tree reveals a more or less con¬ 
spicuous sunken area. Tliis canker 
varies in size according to the length 
of time the disease has been w’orking 
and the character of the original 
wound. As the bai*k is killed it 
appears broumish, and in advanced 
stages frequently becomes almost 
completclj’ transformed into a choc¬ 
olate-colored powder. In some in- 
vstances the outer portion of the bark 
is left intact, v,hile the inner part becomes more or loss disintegrated. 
The disease gradually extends downward into the roots, less rapidly upward 
in the trunk, and veiy slowly laterally. The wood beneath the affected 
bark often becomes water-soaked, brownish in color, and frequently charred 
in appearance. This discoloration eventually extends into the heart of the 
stem and root. 



Fie. 3. A Type op Collvr-Rot Where 
THE Initial Injury was. \t the 
Cambium or Phloem 
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One of the serious features of this disease is the fact that, since the 
trouble begins under gi’ound or near the surface, it is overlooked by the 
orchaidist until some evidence is seen in the foliage, the vhole tree taking 
on a sickly appearance. Unfortunately, at this stage the disease has 
frequently become so far advanced that no effective remedy can be applied. 

ORGANISMS ASSOCIATED WTTn COLLAR-ROT 

When a wound fails to heal an opportunity is given for a variety of 
organisms, either parasitic or saprophytic, to become established and 
eventually to gain entrance to the center of the tree. In the Yakima 
Valley definite organisms, such as Armillaria melleaj Polysiictus versicolor 
and Bacillus amylovorus, have been found associated with these cankers, 
B. amylovorus having been shown to be the primarj'- cause of some of 
them. A. mellea was found definitely associated with at least twenty 
different apple trees, and reports were received of its occurrence on many 
others. In some instances the rhizomoiphs had but recently invaded 
wounds of long standing, while in other cases they seemed to have become 
established shortly after the vound was formed, and in stiU others they 
almost completely covered the roots without any apparent infection. 
This fimgus was identified by the tjpical, shining, grayish-black rhizo- 
morphs found mostly just below the bark (fig. 5). 

It is recognized that the presence of these rhizomorphs is not an absolute 
proof that the orgamsm is A, mellea, but a comparison of the cultural 
characters of some of these grown on potato agar with those of a known 
pure cultiue leaves little doubt that the rhizomorphs found in connection 
■with diseased trees belonged to this organism. In a few instances after 
the trees had died sporophores were found, but in the majority of cases, 
the only means of identification was the rhizomorphs. 

Pohjstictiis versicolor was found occasional^ on apple and prune trees, 
ospeciaUj’’ in old orchards. It is not limited to its attack on the roots, 
but occasionally, hke A. mellea, it may gain entrance to the tree at a wound 
near the crown, and from this infected area the myceliiun may spread 
upwards and downwards, producing heart-rot. A prmie tree attacked by 
P. versicolor, which is producing sporophores, is shown in figure 7. This 
tree was first observed in the spring of 1914 wdth its bark peeled off just 
at the ground, leaving an irregular woimd about the size of one’s hand. 
A superficial examination showed no fungus although the tree may have 
been infected at that time. During the summer of 1915 the tree began 
to show' signs of root trouble, in the leaves, and by middle of August it 
was dead. That fall sporophores began to form, and in the following 
spring when this photograph was taken they were abundant. 




Fig 4 K Type of Coll4.h Hot PEODtrcB® by i Pbocbss op Corrosiont from lYro 

ObTER StJBPACT OF THE BaRK 

Fig 6 Rhizomorphs of Aemelluiui uelmsa on thb Root or uf Applp Tree 
Fig 6 \ TLOtno Canker Prodbced bt BaciMiBS AumiOYORUs 
4 a Yvatersprout affected with ffie blight md giving rise to the canker 





Fia 7 POLTiSTICTUS VEBSICOLOB GbOTVINO A PstTNE TbED 
Fig 8 Fbost Iniebt 

The barl oo. the south side of the tiee is peeled off and new combiuia gio'wmg 
over practically the whole wound 

Fig 9 A Cboss Section Thkoegh a Bbinch Killed bt Absenate or Lead 
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which develops into a distinct collar-rot condition, and, being diflficult 
to trace to its pi unary cause, this is usually placed in the same category 
with cankers of unknown origin. 

An instance of blight collar-rot is seen in figure 2, where an attempt to 
rescue the tree has been made by budge grafting. The beginnings of a 
typical collar-rot are shown in figure 0, where a blighted ’water sprout (a) 
has been traced back to the root, forming a small canker. The bark has 
completely decayed over a small area, about 3.5 cm. by 10 cm., with no 
verj'’ definite line of demarcation between the sound and diseased tissue. 
Cultures on green pears from this diseased bark produced B. amyloimus. 
The wood below the bark was found to be discolored just the same as 
other tj'pes of collar-rot. 

It is probable that the large majority of cankers found at the crown of 
fruit trees in Yakmia Valley is due to fire-bhght. This statement is 
difficult to piove after the organisms are dead and there is little opportunity 
of connecting the tw^o except by comparison with cankers that are known 
to be produced by the fire-blight organism. An attempt was made to 
do this. Waterspiouts infected ’with fire-blight w’ere traced to the root 
and the cankers produced ■were carefully examined, flomc of these were 
marked and left for several months, and re-examined. Cankers of 
unknown origin found on trees throughout the valley were compared with 
these. The result of this comparison seemed to show conclusively that 
many of the cankers that were previously considered of unkno’wn origin 
were in reality inactive fire-blight cankers. Alany of these evidently 
had been inactive for some time, probably several years. Dming this 
time irrigation and seepage water, wduch frequently contains a relatively 
high percentage of alkali, soaked into the wounds, penetrated into the 
heart-wood and discolored it, possibly by some chemical action set up by 
the minerals in the Avater or by some oxidizing enzjunc. 

NON-PARASITIC CONDITION 

While definite organisms were found in connection -with some forms of 
collar-rot yet more often none could be obtained, although repeated seai’ch 
was made for them. Most of these cases, as has just been explained, 
'were appai-ently inactive fii’e-blight cankers. Some, however, were 
undoubtedly the re.^-Tilt of other agencies. In at least two orchards the 
wounds at the crowm of the trees w’ere due to the work of gophers. In 
several others in •w^hieh trees showing the characteristic foliage of collai’-rot 
were found, an examination showed that the hardpan was only one-quarter 
to one-half a meter below the surface, and that the •water failed to drain 
off readilj’’, in some cases resulting in the roots being actually surrounded 
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by water for a considerable time after irrigation, often not draining off 
before it was time to irrigate again; while in other instances, perhaps only 
a few lods away, the ivater seeped away normally and the trees being in 
such shallow soil, soon began to show drouth conditions. In cases where 
the T\ ater failed to drain away the young roots were killed and soon became 
water-soaked, turning soft in textm-e and brown in color. Although the 
effect of this trouble on the foliage is practically the same as the collar-rot, 
it IS more properly called a “root-rot,” as the trouble usually begins at 
the smaller roots and gradually works back, sometimes along a single 
root, in wliich case it might reach the crown before anv evidence of it 
is showm in the leaves. In such cases it resembles the typical collar-rot 
and may be mistaken for it, but more frequentlj’' several roots are affected 
and the tree is killed before the disease reaches the crown. 

Winter injurj" and carelessness in cultivation are common sources of 
injurj' to fruit trees at or near the crown. That frost frequently produces 
such injm’ies has been generally recognized for many years, ha^dng been 
reported by a number of WTiters (4, 5, 10, 11, 12, 25, 27, 35, 39). These 
wounds, if slight may heal, but if for some reason they fail to do so, the 
irrigation and seepage water soaks into the wood often producing a brown¬ 
ish stain. The amount of discoloration is partly due to the age of the 
wound, -^hich may be several years old, and partly to the amount of alkali 
and other minerals contained in the water that comes in contact with 
the wound. 

Since winter injuries apparently begin at the inner phloem or cambium, 
the destruction of either of these causes the bark associated with it to die 
and begin to disintegrate. If these injuries occur at the crown they may 
undoubtedly give rise to a collar-rot, but winter injuries are far from being 
the only cause of this malady. In fact, in the Yakima Valley compara¬ 
tively few of these cankers can be traced to this cause. In a certain 
orchai’d west of the city of Yakima and also one in the Nachos Valley 
beginnings of collar-rot could be traced quite definitely to winter injury. 
Some of these w’oimds that were wrapped with pieces of cotton or old 
gunny sacks so as to protect the cambiimi from the excessive heat during 
the summer healed over almost completely in one season. This is shown 
in figure 8, in w'hich the young cambium can be detected covering almost 
the vhole wounded sm-face. These orchards, both in alfalfa, were inad¬ 
vertently irrigated so late in the faU that the w'ater had not all di’ained off 
before the frosts came. This excessive amount of water freezing in the 
bai’k near the ground caused it to split, in some cases forcing it from the 
wood and producing frost cankers. As the soil offered some protection 
to the roots these cankers did not extend more than 25 cm. below the 
smface. Most of the lesions, however, oeemTed higher up on the trunks 
of the trees, producing typical frost injmies. 
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In some cases the pihnaiy cause of the wound leading, to coUar-rot has 
been traced to defective grafting. An examination of a nmnber of young 
trees from three to ten years old, killed by collar-rot, warrants the con¬ 
clusion that defective unions of gi*afts are responsible for wounds that 
are the fore-runners of collar-rot. 

AESENICAL POISONING 

Not infrequently there were found cankers that did not seem to be 
produced by any one of the conditions already mentioned. The final 
results were practically the same as those of winter injury or fire-blight,, 
but the initial stages and the general effect on the bark were quite different. 
The resemblance of some of these cankers of unknown origin to those 
produced by an '‘ant ejcteiminator,” which was found to contain arsenic, 
and which w’hen applied to the trunks of apple trees injured some and 
killed othem, led the writer to lun some experiments to determine some¬ 
thing of the effect of arsenate of lead on growing fruit trees.^ 

In the following experiments both branches and roots were treated. 
The arsenate of lead was obtained from the tank of the orchardist as he 
was spraying. This spray consisted of an acid arsenate of lead in the form 
of paste with a strength of four pounds to 100 gallons of water. 

Effect of arsenate of lead on branches 

For convenience branches that were nearly horizontal were selected for 
these expeiiments. In some cases the bark was slightly punctured with 
the point of a scalpel, deep enough to reach the cambium, while in others 
the araenic was applied to lenticels and in still others to the uninjm*ed 
bark. 

The method of treatment was practically the same in all three cases. 
Where a woimd was made a Van Tiegham cell was fastened over it and 
sealed with grafting w’ax, care being taken not to allow any^ of the wax 
to get into the puncture. The cell, which held about 2 cc., was nearly 
filled with the solution of arsenate of lead and a cover glass was cemented 
on the top of the cell with vaseline. In fom’ days a strip of dead bark 
about 2 cm. wide was found, extending from the point of puncture to the 
tip of the branch, which in some instances was over 8 feet long, and passing 
out into lateral branches, if there happened to be any in its path. The 
leaves along this path were killed but others on the same branch were 
uninjured. The branch, however, was not completely dead, for the next 

^ A review of the literature on arsenical poisoning of fruit trees is given by 
Swingle and Morris (31). 
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year the leaves came out as usual. A cross section through one of these 
limbs is shown in figiue 9. The discolored aiea foims a wedge-shaped 
structure running into the center, the sides of which are veiy straight and 
apparently follow meduUaiy rays. An examination of the margin of the 
woimd show's how the new^ gi'owdh is attempting to heal it over. 

In most cases where Van Tiegham cells were arranged over lenticels 
a small discolored area appeared around each. In some few instances no 
change could be detected, probably due to the inability of the solution 
to penetrate the tissue. In aU cases the action seemed to be completed 
by the end of thi-ee or four weeks, and by the follow’ing year a decided 
tendency to heal over the injuiy w^as observed. 

When Van Tiegham cells were placed over areas on branches -where 
there were no lenticels nor wounds no detrimental effect on the bark was 
observed. These obser\’’ations are practically the same as described by 
Swingle and Morris (37). Quite different results were obtained w'hen the 
arsenic was applied to the roots. 

Effect of arsenate of lead on roots 

Lead ai’senate obtained from the same source as that used in treating- 
branches was applied to the roots. In these cases the soil was removed and 
a portion of the root as near the crown as possible w’as selected for treat¬ 
ment. The applications were made to the uninjm'ed surface and to 
w'ounds. Both the solution and paste w^ere applied so that the root would 
have the irritant action, if any, of the undissolved material as well as 
the dissolved. The wounds were made by cutting off small roof lets or 
by puncturing the bark into the cambium in a manner similar to that 
done in connection wdth the branches. Van Tiegham colls were used 
here at first but it was found more convenient to -wrap the treated wound 
with several layers of cotton cloth. After the arsenate had been applied 
freely and the w’ound wrapped, the covering w'as well moistened with 
water and the soil replaced. In some instances a second application of 
the ai’senate was made but in the majority of cases the initial treatment 
was the only one. Once a week for six weeks, less frequently after that, 
these trees were visited, the soil and bandages removed and any differences 
noted. In each case after the cotton covering was replaced it was well 
saturated with water so that the treated area was not allowed to become 
dry. In these examinations the chief changes observed were the increasing- 
size of the cankers and the continued disintegration of the bark. In three 
weeks a definite action could be noticed where the wounds were made. 
The bark began to turn brownish about the wound, the discoloration 
increasing more rapidly longitudinally than laterally. Twelve months 
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after the wounds weio made a typical collar-rot canker ^Mth the brown, 
friable bark and deeply stained wood had been developed. Three roots 
treated in this vay are shown in figui*e 10. These were taken from the 
tree^ twelve months after they were first treated. An enlarged \’iew is 
shown in figure 11 and cross sections of the same roots in figuie 12. In 
specimen “C” the bark is the most markedly disintegrated and is reduced 
to a more or less powdery brown mass. The disease seemed to have 
worked faster in this case than in the others, possibly because the tree 
w^as in low’er and more alkahne soil. In a few instances where the wound 



Fig. 10. Three Foots Showing Cankers Produced by Arsen-atc or Lu^vd 

was allowed to dry and become aerated it gradually healed, even with the 
dried Tvhite arsenate paste still adhering to it, but where there was plenty 
of moisture nith alfalfa to aid in keeping the humidity fahly constant the 
cankers gi’adually increased in size and eventually became permanent. 

It is thus seen that the effect of arsenate of lead on wounded roots that 
are kept moist is markedly different from that on the stem, where it is 
almost impossible to keep treated wounds constantly in a saturated atmos¬ 
phere. This is somewhat different from the conclusion arrived at by 
Swingle and !Moms (37), who found that in Montana there was little 
difference in the effect on the stem and root, and ‘‘that excessive moisture 


Hot&o\ Ipple Collvr Ror 


477 





Fig 11 An Enlirqld \ir-w or thl C^niers *=?hoa\n in riQEBB 10 





1 Cross Sfction Ihroech toe Cinkers Sho'wn in ricuRES 10 and 11 
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and impeifect aeration did not matoiialty influence the injury, which had 
usually begun in a few dayis and as complete within two or tliree weeks 
from the time of treatment.” 

When unwounded lootb were treated with arsenate of lead, little or 
no result was observed. Wlicn applied to wounds produced by breaking 
off small rootlets, the injuiy w^as usually slight but definite, and in a short 
time, varying from two to five w’eoks, small brownish patches appeared, 
which gi’aduaUy increased in size, but permanent cankers were produced 
less frequently than when the arsenate was applied to wounds in the bark. 

WATER LENTTCEL& 

Grossenbacher (18), working in New York State, found that trees 
affected wdth crown-rot were most prevalent in cultivated orchards and 
on thin, stony or gravelly soil. Quite the contrary is true in Yakima; 
although the disease is found in clean cultivated orchards and on deep 
soil, it is more prevalent on low, rich soil, especially where there is or 
recently has been a cover crop of alfalfa kept well irrigated. 

It should be remembered that most of the experiments recorded in this 
article were carried on in orchards with a cover crop of alfalfa. In irri¬ 
gating, the orchardist often thought of the immediate needs of the alfalfa 
rather than the trees. Not infrequently there were found at the crowm 
of trees small whitish or slightly yellowish patches which were soft and 
spongy and w'hich proved to be water lenticels such as are commonly seen 
when a willow wand is left submerged in water. When the arsenate was 
applied to these hypertrophied patches mai’ked results were obtained. 
The large conspicuous cells collapsed, and instead of a sw'ollen area there 
appeared a ckcular depression, the center of which eventually became a 
brownish pow'der. These affected aieas in time often ran together, form¬ 
ing one large discolored space, which in some cases penetrated to the 
cambium. When these w’ere kept moist cankers were formed. In some 
instances, how'ever, after the alfalfa had been cut and the region about 
the treated ai'ea had become somewhat drj’’ and aerated, the wounds, 
even if they had reached the cambium, dried up, leaving only small sunken 
areas in the bark, which did not seem to be detrimental to the tree. 

It was found on further search that these excrescences were quite prev¬ 
alent in orchards having a cover crop of alfalfa, which, when well irri¬ 
gated, provided an almost satiuated atmosphere at the base of the trees. 
This humidity, associated with the extreme heat of the Yakima Valley, 
made an excellent environment for the development of this condition, 
which was obseiwed most abundantly during July and August, especially 
on trees that had been severely pruned. 
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In tins seaich tiecs A\eie not infiequcnth foun I having the baik at the 
cio\n usualh just below the gioimd soft hie lubbei and scatteied o\ei 
it a numbei of moie oi less ciiculai biown dead patches in which the 
bail had laigelj disintegrated into a biownish po\dci This is almost 
piecisclj what was obtamed when watei lenticels weie tieated with 
arsenate of lead 4. photogiaph of a tiee seven or eight \eaib old showing 
this condition is sho^n m figiue 13 wheie the blown poAdei} mateiial 
has been removed to show the depth of the depress on ihich in the larger 
ones extends to the cambium 



Fig 1 EauBli &ta.gcs of Abslmc h Po soning 

ihe lower poition of this figme at (a) shows these discoloied aieas lun 
togethei the outei poition of the bail becoming disintegiated pioducing 
a blowmsh powdoi when lubbed botween the thumb and fingei Beneath 
this is sound bark except m ceitam spots which have reached the cambium 
and discoloied it shghtlj On fmthei seaich an almost peifect senes has 
been obsei\ed bogmnmg with the isolated blown spots which enlaige 
lun togethei and foim laigei blown patches but still qmte shallow while 
more ad\anced stages penetrate cntiieh thiough the bail discoloimg 
the w ood just beneath 
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These obscivatioDb sho^\ that aa hih' the cailv s-taRcs of the lesions caused 
by frost and A\intci injuiy, as shown by C}iossenl)achcr (22), bcRin at the 
cambium or inner phloem and eventuallv cause the baik, which subse¬ 
quently dies, to be separated fiom the w'ood, the lesions caused by aisenate 
of lead have their initial stages at the oiitei bulk, either at some wound 
or at such hypertrophies as watei lenticels. The corrosion thus beRun 
at the surface of these excrescenees gradually destroys the cells and even¬ 
tually reaches and kills the cambium, producing a pennanent canker. 

The results of the present investigation as well as those recorded by 
Headden (23, 24) and Sw^ingle and Morris (37), show conclusively that 
arsenate of lead wtU produce definite injuries to the bark of fmit trees. 
There is little doubt also that a typical collar-rot condition can be pro¬ 
duced by the application of commercial arsenate of lead to fresh wounds 
or water lenticels found at or near the crown. Because cankers are pro¬ 
duced artificially w-hen a considerable amount of arsenate is used is not, 
alone, an absolute proof that it does so in nature, w^hen there is a much 
smaller amoimt present. Yet, when a series of conditions practically 
identical with the artificial injuries aie found in nature, it seems highly 
probable that the arsenate of lead such as is commonly used by orchardists 
is capable of becoming the primary cause of these cankers. 

The writer has produced similar cankera on fruit trees by using copper 
sulphate, creosote, tm’pentine, etc. Even with such weak toxic substances 
as boric acid, potassium chloride, borax, and even sodium chloride, cankers 
can be made by using concentrated solutions on fresh wounds. This 
w'ould indicate that the presence of allcali in the soil may perhaps greatly 
augment the w’ork of the arsenate, not only in increasing the solubility 
of the arsenate, as sliowm by Headden (23), but even b 3 ’’ its chemical 
effect on the living tissues of the tree. C^onsidorable alkali, w'hich in the 
Yakima Vallej’ alwaj’s contains bicaibonate and caibonate of sodium 
and frequently the sulphate and the chloride, is uhvaj's present in this 
soil, A concentrated solution of these compounds w’as mtidi* and applied 
to fresh wounds of apple trees in Seattle, producing definite and siuious 
injurietj to the trees. It w'ould thus appear that although arsenate of 
lead is capable of producing permanent cankeis itself, 3 "et there is often 
a combination of chemical factors at w'ork producing this result, and of 
these the most important one is probably the arsenic. 

Moreover, observational evidence leads the writer to the belief that 
moist soil, especially if alkali is present, w’hen kept more or lesb constantly 
in contact with a wound, contributes more toward producing a permanent 
canker than has been generally accepted. The fact that a w'ound, from 
whateY’er cause, fails to heal indicates that the cambium over the surface 
is dead. Water containing a relatively high percentage of alkali and 
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probably other minerals from the soil may then gradually soak thi*ough 
the dead tissue into the heart of the tree, following along the dead medul¬ 
lary rays, discoloring the cell walls and eventually producing a collar-rot 
canker. 


WOOLY APHIS 

The development of the primaiy lesions into typical collar-rot condi¬ 
tions depends largely on the persistence of the factors which prevent the 
healing of the wounds. It voulcl appear from the piesont observations 
that one of the cliief agents at work hindeiing these wounds from healing 
is the woolly aphis. Those insects were found in connection with nearly 
all forms of collar-rot, but especially in the earlier stages of its develop- 



Fiu. 14. A Tbee Completely Girdled by Collvr-Rot 


ment. They readily attack apple trees of all ages and varieties but in 
general the 5 "oung trees suffer most. As is well known, the favorite loca¬ 
tion for their operations is at the crown of the tree just where coUar-rot 
develops. In 75 per cent of the young stages of collar-rot examined by 
the isTiter, wooUj’’ aphids were found in large numbers. In these cases it 
would appear that the injury having been made, the apliids occupy the 
wound, persistently attacldng the fresh margin and thus apparently 
becoming an important factor in preventing it from healing. To what 
extent these aphids are capable of producing the original wound was not 
determined, but it is quite evident that when once an abrasion is made 
their activities tend to prevent the wound from healing, thus contributing 
towards a permanent canker. 
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TBEATMENT 

In attempting to ticat collar-rot the soil was removed, laying bare all 
the affected partb. These were cleared of all dead bark and thoroughly 
washed vith v ater in order to obtain a clean smface and then disinfected. 
A weak solution of lysol, about 1 per cent, was found the most effective, 
although corrosive sublimate, weak copper sulphate, Bordeaux mixture, 

hme-sulphur, and formaldehyde were 
also used. The superiority of the lysol 
seems to be due to the fact that it 
penetrates the tissue of the tree a cer¬ 
tain distance without any apparent in- 
jmy. Its effect is thus more permanent. 
After the wounds were all treated they 
were left exposed to the air for two or 
thi*ee months. Before the rains came 
in the autmnn the excavations were filled 
■with sand, gravel or cinders, thus facili¬ 
tating drainage. 

It would be wise for an orchardist to 
go over his whole orchard once in two 
or three years with a trowel or shovel, 
remove the soil from the cro'wns, and 
determine if the collar-rot had started. 
If there is any indication of the disease, 
the dead bark should be removed and 
the wound disinfected and finally left 
exposed to the air for several months. 

Bridge grafting has been indulged in 
at times in an attempt to save valuable 
trees. The number of scions used varied 
with the size of the tree, frequently too 
few being used. The unions wore made 
just below’ the bark in the sound tissue 
of the stem above and of the root below the canker. Occasionally when 
too much of the root was destroyed, young seedlings were planted 
around the tree, as shown in figure 15, and the ends of the branches 
cut off and grafted into the sound cambium above. The same tree 
just before the operation is shown in figm*e 14. It can be seen that 
the greater part of the root sj’stem is dead, hence the necessity for 
using young seedlings. Bridge grafting as a method of treatment for 
collar-rot can hal’d!}’ be said to be a success. Although a fair percentage 



Fiq. 15 An Attempt to iS4.^E the 
Tbbb Shown in Figure 14, by 
Planting Seedlings Around it 
AND GbAJTING the EnDS OP THE 

Branches into the Sound Bark 
Above 
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of the trees live, they are seldom thrifty, and both the quality and quantity 
of the fruit they produce are inferior. Moreover, since a large space of 
the dead stem of the tree is usuallj’’ left exposed, the tree eventually con¬ 
tracts heart-rot, wliich forecasts its early death. In the majority of cases, 
therefore, it would seem more profitable in the long run, w'herc the injmy 
is severe, to remove the affected tree and after a year or two to plant 
another. 


SUMMARY 

1. It would appear that the only condition essential for the development 
of the so-called collar-rot or crown-rot is a permanent wound of the bark 
at or near the crown of a fruit tree. As far as the results arc concerned 
it matters little as to the cause of these lesions. 

2. A number of different factors may be involved, either as primary 
causes or contributing causes, in the development of the collar-rot 
condition. 

3. Most of the numerous attempts to isolate definite organisms from 
the coUar cankers have resulted negatively. 

4. In a few cases such organisms as Armillaria mellea^ Polystidus 
versicolor, and Bacillus amylovorus have been definitely isolated. 

5. The great majority of cankers whose primary cause could not be 
dii’ectly determined were probably initiated by the fire-blight organism, 
a conclusion arrived at by a comparison of such cankers with those known 
to have been begun by R. amylovorus, 

6. Other causes, such as gopher injury, cultivation injury, frost or 
winter injmy, defective graft unions, hard-pan root injury, and arsenate 
of lead injury, may be responsible for the initial development of collar 
lesions.® 

7. The development of the primary or original lesion into a typical 
collar-rot condition depends upon the persistence of factors which prevent 
the healing of the wound. 

® Since this article was written further woik on this disease has brought out 
evidence that the gradual corrosion of the bark under certain conditions might be 
the result oi a more or less continuous oxidation, the oxidases acting either as the 
primary causes or contributing factors. This hypothesis is based on the following 
observations 

1. There is an oxidase present in the bark as shown by the bluish color pro¬ 
duced by guaiacum. 

2. The diseased bark is less acid than the healthy bark. 

3. Oxidases tend to work more rapidly where the acidity is weak. The presence 
of constant moisture more or less charged with alkali reduces the acidity in the 
immediate vicinity of the abrasion, thus making the conditions more favorable 
for oxidation. 
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8. Observational evidence leads the wiiter to the belief that there are 
at least two important factois at woik in preventing the normal healing 
of the crown-lesions and theiefore in promoting the characteiistic dis¬ 
integration of the tissue known as collai--iol. These aie the piesence of 
the w^ooUy aphids and a satm'ated condition of the soil in const ant contact 
with the primary lesions, particularly if the soil water is charged with 
alkali salts. 

9. The only method of treatment thus far derised is the cutting out 
of diseased tissue, the washing of the wound, disinfecting it, and finally 
leaving it exposed to the air. Where injury is severe when discovered, 
removal of the tree is probably wise. 

Univbesity op Washington 
Seattle 
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A PRELIISIINARY STUDY OF THE PURPLE LEAF SHEATH 

SPOT OF CORN 

L. W. Dubbell 
With Six Figures in the Text 

The pui'plc fihcath f>pot of corn is a cont-picuoiis and iiniveisalR present 
►spot disease, yet its cause has never been definitely determined. It is 
the pm pose of tins paper to present obseiTations and experiments demon¬ 
strating the cause of this disease.'^ 

The prevalence and distribution of the disease is suggested by Bumll’s 
(2) statement, which reads as folloivs* “From observations now made it 
appears that the disease is a very prevalent one and probably has existed 
dming the time that com has been grown on the continent.” It has 
been obseived in Iowa by the author and members of the station staff 
over a period of four years. During the latter part of the summer of 1918, 
counts on 9620 .stalks in representative fields showed 86 per cent badly 
spotted with the pmple leaf .sheath spot. 

The characteiistic sjuuptom is a purple or brown spotting or blotching 
of the leaf sheath.s and husks (fig. 1). This condition develops rapidly 
on all plants after flow ering. Examination of the blotches reveals a dark¬ 
ened, disintegrated condition of the tissues on the inside of the sheath. In 
the center of the larger blotches one usually finds old pollen sacs that have 
been dropped from the flowers above. In the center of the smaller spots 
one finds pollen grains that have been washed or shaken down inside of the 
sheath, as showm in figure 2. 

The purple sheath .‘^pot of corn was fimt definitely described in 1889 by 
Burrill (2 and B), who attributed it to a bacterial organism. He writes 
of it as follows: “The first indication of the disease in a field .... 

is the dwarfed condition of the young plants.It is found in 

the rich .spots rather than in those of poorer quality. In many cases 

it is upon the lowest ground.Upon closer observation it is 

found that young diseased plants, besides being smaller .... are 

uniformly yellowish in color.The bottom portion of the 

stalk is likewise affected.If split longitudinally .... 

1 The author wishes to acknowledge the many helpful suggestions made during 
the progress of this study and the preparations of the manuscript by Dr. I. E.. 
Melhus. 
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the inner tissue of this lowei pait is scon to have a iinifoim dark color, 
. . . . After midsummer, especially, the disease becomes apparent 

through dibcoloiations of .... the sheaths, which closely invest the 
stalk. These leaf sheaths become vaiiously spotted as obseivedfrom the 
exterioi. Sometimes the watery-brown poitioiib are mere specks; some¬ 
times large irregular patches.Occasionally theie is a little 

reddish color.If now thebc affected leaves are stripped from 

the stalk, it will be found that e\ddence of the injury is more conspicuous 
on their innersidc. The injured patches .... have a more 
watery appearance and sometimes are more or less smeared with some 
gelatinous substances.” 

In 1888 Kellerman and Swingle (7) discovered a bacterial spot of sor¬ 
ghum, and sent specimens to BurriU for study. This apparently led Bur- 



Fig. 1 PxjflPLE Levp Sheath Spot op Corv 

rill to the investigation of similar spots on corn sheaths, with the subse¬ 
quent publication of the above description. At this time, too, interest 
was aroused over a disease of cattle, apparently caused by eating diseased 
corn stalks. The sheath spot of corn was one of the diseases tliought to 
be responsible; experiments, however, did not confirm this assumption. 
BUlings (1) of Nebraska, in coirespondence with BurriU on this subject, 
ATrites as follows: “The malady as affecting this staple crop has not been 
fuUy worked out because for some unknown reason the attempts to com¬ 
municate the disease to healthy plants by application of culture materials 
containing the living organism obtained from iseased plants have not been 
succebbful.” He further states that no results were obtained by inocu¬ 
lating plants with an organism that he had isolated and considered spe¬ 
cific for the cattle disease. Not until August, 1889, did BurriU obtain 
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satisfactoi's lesults fiom mociiUtions with the oiganism he hid isolated 
fiom the coin spots ind 1 is success e\cn then was slight except wheic 
puncluies weie made in the suiface ot the leaf sheaths 

In the light of om piesent lnowledfc,c of com chsea«>es the desciiption 
he furnishes thiows some doubt upon the woil foi it would appeal thit 
the S'\mptoms is desciibed have been associated also with othei eoindis 
eases such as coin wilt Touting of com wilt Smith (10) sa\s The 



Pig (1) Innci siiface of com sheatl showing adhenng lollen sacs ilat 
have dioi ped past loosened 1 g ile and the lesultmg discolored aieis of infect on 
(B) Pollen sacs on ns do of coin sheath and the suiroundmg fungus invaded aicas 

histoit of this disease begms with Stew lit s buUetm (1897) unlebs we aie 
to assmne that BuiiiU s bulletin on 4 Bicteiiil Disease of Coin (1889) 
1 elates m pait to the same subject Some paits of his 

desciiption coiicspond veij well to Stewait s disease e g megulai dis 
tubution of the disease in the field dwaifing blown nodes the base of 
the stalk most badly affected de ith of the leaves as a whole 
but if he leally had this disease undei obseivation whj is theie no men 
tion of the most conspicuous sign le ^ellow slune m the mieinodal 
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bundles? .... Along with these signs, as a pait of the same dis¬ 
ease, aic mentioned other less charactenstic signs, i.e,, deca>dng roots 

.; brown spots on the leaf sheaths, most conspicuous within, 

and occasionally boiclerecl by red. These brown spots are ‘half rotten’ 
discolorations, the disease in tliis stage being evenly distiibuted through 
this field.The description of the organism wdiieh he iso¬ 

lated and w’ith which he obtained infections is what finally decided me to 
exclude it. This was a white peiitrichiate schizomycete subsequently 
identified by Dr. Theobald Smith as Bacillus cloacae.” 

The dwai*fing and decaying of roots of the com plants described by 
Burrhl suggests the possibility that he had under observation the dis¬ 
ease discussed by Hoffer and Holbei-t (6) in their study of root and ear 
rots. 

Fuidher mention of the sheath spot is made by Rosen (8) in connection 
with his studies of a bacterial rot of com. He writes. “The only other 
diseased condition noted was a dark biowm spotting of husks, leaf blades 
and sheaths. It is possible that this represents a typo of secondarj” injury 
due to the pathogen responsible for the root lot. It may be mentioned 
that aphids have been found associated wfifh some of these spots, w’hich 
may act as carriers of the disease producing organism, also that small, pur¬ 
plish-brown spots resembling the spots found on plants growing in the field 
have been produced by artificial inoculation with the organism causing 
root rot.” 

It is obvious from the above biief review that the cause of the purple 
leaf sheath spot w^as not definitely demonstrated by Bimill and has not 
received serious consideration by subsequent workers. 

The author (4) presented an abstract at the Rt. Louis meeting of the 
American Phytopathological Society, briefly describing the cause of this 
disease on the leaf sheaths. In this paper it is planned to present a more 
complete discussion as to the nature of the purple leaf spot of coin. 

TIME AlSD APPE.ARANCE OF SHEATn SPOT AS RELATED TO DISTRIBUTION 

OP POLLEN 

The disease appears late in the season at the time of, or shortly after, 
blossoming of corn. In the plots of known ancestry in the experiment 
station fields, where counts were made, practicaU}’- all of the stalks exhib¬ 
ited spotted sheaths after flowering, and the development of the disease 
advanced rapidly in all parts of the field after the dropping of the pollen. 

This observ’ed fact suggested a possible association of pollen with the 
disease. Examination of the tissues of the sheath next to the stalk, as 
previously mentioned, showed a rotted condition, and in every case 
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either ]Dollen sacs or pollen grains were found in the center of the spots 
(fis.s). 

The leaf sheath of coin completely encloses the stalk with over-lapping 
edges, and when young the ligule fits tightly. As the plant matures, 
however, this grasp is relaxed, and the action of the wind on the leaves 
loosens the ligulc and affoids a means of entrance for spores, du&t, pollen, 
and organisms of various lands. Pollen and pollen sacs, falling from 
the tassel above, light on the leaves in great masses; thej'' are readily n a'^hed 


past the loosened hgule and lodge within 
the sheath. Centriiugod washings from 
many leaves loveal numeious spores ol 
diffcient fungi, vliich, together with the 
pollen, lodge within the moist enclosure 
of the leaf sheath. Earlier in the season, 
the rapid growing stallc forces out 
anything introduced within the sheath. 
Bits of fungi on media introduced with¬ 
in the sheath in the evening have been 
found above the ligule the next day. 
After flowering, however, there is prac¬ 
tically no elongation of the stalk; con¬ 
sequently, pollen and spores remain 
within the moist enclosure of the sheath, 
w’here excellent conditions are furnished 
for organisms to begin growth on the 
food stored in the pollen. T\Tien this 
is exhausted they attaek the tissues of 
the sheath. The effect on the host 
tissue is a corrosion and discoloration 
of the tissues of the sheath surrounding 



the stalk. The stalk and the outer part 3 ^ 

of t he leaf sheath are scarcely ever Sacs aito Eadiating Areas op 

attacked. This is readily explained by Infection 

the presence of stomata on the inner Produced in greenhouse 

surface of the sheath, affording an en¬ 
trance for the organisms, together with the difference in thickness of the 
cell walls of relative parts, as shown in figure 4. 


INFECTION EXPERIMENTS 

Acting on the obseiwational evidence that introduced pollen grains or 
pollen sacs aid infection, experiments "were conducted in the field to ex¬ 
clude these. Cotton gauze was wrapped around the stems of a number 
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of plants just above the ligulo and lied tightly so as to exclude any iDollen 
falling from above. TV here it ^vas tied tightly enough, no spot resulted 
on the sheaths. Other stalks were dctasseled and eoverecl with tall cloth 
houses to exclude pollen. Under tliis condition no spotting of the sheaths 
resulted, w^hile all the neighboring stalks w'ere infected. 

In the green house results w^ere comparable to those noted in the field 
Here experiments were made excluding pollen from the leaf sheaths by. 
growing the plants away from any source of pollen. Plants thus growm 
developed no spots on the sheaths. Fuither, pollen and pollen ‘sacs, 
direct from the tassel, w^ere introduced wdthin sheaths of corn grown awa 3 '' 
from any souice of pollen and free from sheath spot. Following such in- 



Fig. 5. Suction or Sw\ll Diseased Spot on Shevth op Sweet Cohn 

Showing invasion of bacteria from excretions of aphids and the resulting corro¬ 
sion of the tissues. 

trocluctions the sheath spot soon developed, species of PeniciUium usually 
being the causal agent. 

Different organisms were obtained from plantings made from the leaf 
spot as it developed in the field. From 304 plantings of diseased tissue, 
species of PeniciUium and Fusarium, and several bacteria were obtained. 
The Fusarium was the most prevalent. This suggested that perhaps moro 
than one organism attacked the sheaths. Based on this assumption, 
pollen sacs wore dusted with spores of the above mentioned fungi, which 
had been isolated in April, 1918, and placed inside the leaf sheaths of corn 
growing in the greenhouse. It was found possible to produce the sheath 
spot with all of the above named organisms. How’cver, it was felt that 
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theiT'e experiments Yeie not sufficiently convincing and accurate, due to 
the unknown agents used as inoculum. In Apiil and May of 1919, 
corn growing in the gieenhouse was inoculated with bacteria and fungi of 
knoun species. 

T^^o species of bacteria ^^ele used, Bacillus, suUili'i and B. coli, and 
four species of fungi, Fusanum culmonm, Rhizopw^ nigrienns, Peni- 
cilhum glauciim, and Helminthosponum sativum. All of these organisms 
in many trials produced neciotic spots on the inner surface of the leaf 
sheaths if they were applied growing on small bits of media or if their 
spores were dusted on pollen sacs. The necrotic spots on the inner 
smlace of the sheaths caused the purple sheath spot so prevalent in 



the field. 

These infection expeiiments of two seasons seem to indicate that many 
organisms will corrode and discolor the leaf sheaths of corn if given de¬ 
sirable media, such as pollen, to start 
growth on. Sections of the spots pro¬ 
duced artificial by these various 
fimgi show plainly the invasion of the 
organisms (figs. 5 and 6). When 
spores or masses of mycelium were 
placed imder the leaf sheaths without 
pollen or pollen sacs, no spots resulted. 
If, however small bits of agar were used 
instead of pollen, purple spots often 
resulted. Since the organisms causing 
the spots are mainly saprophytes, it is 
apparently necessary for them to be 
given a start on stored food, such as 
poUen or agar. The organisms seem to kill the cells of the corn plant 
sufficiently to allow subsequent invasion. 

It has been noted further that the sugary excretions of aphids act in 
the same capacity as poUen; organisms grow on it and later penetrate the 
com tissues. Many instances of distribution of organisms by insects are 
extant, and the carrying of spores by ants is well known. Forbes (5) 
thought the chinch bug in some way responsible for the com sheath spot. 
In the case under consideration there seems to be little doubt that ants 
aid in the production of the sheath spot. It was frequently observed 
that the ants placed the aphids within the corn sheath even when it 
seemed quite tight. In tlus way they' act as carriers of bacteria or spores. 
The punctures of the aphids afford added means of entrance for the 
organisms. 


Fig. 6. Mtcblittm of MACRospORiiTar 
sp. Entering Stoma op 
C oitN Sheath 
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SXJMMARA’ 

Coin ib univpibally affected by a diseasp producing purple blotches and 
bpots on the leaf shealhs. 

Those spots aio an external manifestation of necrosis of the tissues 
beginning on the inside of the sheaths, appearing only after the pollen 
has fallen. On the dead spots arc pollen and pollen sacs, which seem to 
serve as media for vaiious bacteria and fungi. These organisms seem to 
live saprophj'tically on the pollen at first, and later attack the adjacent 
host cells of the corn. 

Sections of pm’plc spots show stomatal invasion of bacteria and fungi 
and subsequent necrosis of the tissues. 

The intioducfcion of pollen or pollen sacs dusted with spores of molds 
and bacteria williin the leaf sheaths produces the spots. 

Spores of fungi alone when introduced within the sheaths do not pro¬ 
duce spots, but if bits of agai’ are introduced spotting occurs. 

Exclusion of pollen from the leaf sheaths prevents the development of 
the purple leaf sheath spot. 

Iowa Agricultural Experiment Station 
Ames, Iowa 
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PHYTOPATHOLOGICAL NOTES 


The swmmr field meeting of the American PhyLopathological Society .—The 
American Phytopathological Society has successfully continued the custom 
inaugurated last year of holding a summer field meeting under the manage¬ 
ment of the Advisoiy Board of American Plant Pathologists. Last year’s 
meeting was held at Riverhead, Long Island, June 2L-27, 1919, with 
special reference to potato diseases. The meeting this year, which was 
especially concerned with apple and peach diseases, was held August 3-6, 
beginning at Staunton, Va., and extending northward through West 
Virginia and Maiyland to Gcttysbmg, Pa., one day being spent in each 
of the four states. 

Locals arrangements were in charge of the plant pathologists of the 
states visited, in cooperation with the county agents, the local associations 
of fruit growem and other local organizations. These local committees 
were markedly successful in anticipating all needs and in providing all 
necessary facilities for the transportation and entertainment of the large 
party of visitors. Many demonstrations and exhibits of fruit diseases 
were prepared as -well as special comparative spraying and dusting experi¬ 
ments on the control of various diseases. Transportation from point to 
point was by automobiles provided by the growers’ associations, with 
occasional short journeys by i-ail. 

August 3 was devoted to a tour of the Staunton-Harrisonburg district 
in Virginia, and included the inspection of interesting demonstrations of 
apple root rot and cedar rust, and comparative dusting and sprajing 
experiments for control of various apple diseases. The party spent August 
4 in Berkelej'^ County, West Virginia, noting the clfects of cedar eradication, 
visiting orchards where dusting and spraying experiments were in progress, 
and inspecting demonstrations of collar blight and other diseases. Visits 
were also made to the experimental packing plant at Inwood, and to the 
West Virginia pathological weather instrument station near Martinsbm’g. 
August o was spent in the vicinity of Hagerstown, Md., and was largely 
devoted to peach diseases and their control by dusting and spraying, some 
attention also being given to truck crop diseases. On August 6 the party 
visited the Field Laboratory of the Pennsjdvania Agricultural Experiment 
Station at ArendtsviUe, Pa., and inspected experiments in progress in 
that region under dhection of the laboratory staff on the control of apple 
diseases and insects. The conference adjourned at Gettysburg but on 
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August 7 a portion of the party cont nuod by automobile to Philadelphia 
visiting the rich agricultural districts of Lancaster County and inspecting 
the tobacco experiments in progress theie. 

About scvent 5 '-fivo plant pathologists, including a number of horti¬ 
culturists, entomologists and other specialists ^epre^enting the United 
States Dcpaitment of Agriculture, and the experiment stations of the 
United States and Canada attended the conference. In addition, the 
Federal Government detailed specialists from the Geological Survey, the 
Bureau of Soils and the Bm’eau of Chemistry to attend the conference 
and participate in the discussions on the relation of soils to plant diseases. 
The evenings were devoted to informal meetings, where the growers joined 
the visiting scientists in revicT\ing the day’s tour and in discussing fruit 
disease problems. An unusual opportunity was thus afforded all those 
in attendance, not only to observe the fine orchards and to gain a knowl¬ 
edge of the apple and peach industry in one of the most famous fruit 
growing districts of the eastern United States, but also to observe many 
important diseases of those crops, to study their control, and to discuss 
the problems involved with specialists in their own and in related fields. 

A noteworthy fcatuic of these pathological field meetings is the presence 
of foreign plant pathologists who are in attendance as the official repre¬ 
sentatives of their respective governments. Last year three well known 
potato pathologists attended the field meeting at Rivorhead—A. D. 
Cotton of England, G. H. Pethybridge of Ireland, and H. M. Quanjer 
of Holland. This year the following official delegates from England, 
France, and Italy were present:— "W. B. Brierly, Head of Department of 
Mycology, Institute of Plant Pathology, Rothamstcad Experiment 
Station, Harpenden, England; Etienne Foex, Dkecteur de la Station de 
Pathologic vcgetalc, Paris, Franco; G. Rossati, Royal Agrarian Delegate 
to the Italian Chamber of Commerce, New York City; and K. Nakata, 
Professor of Plant Pathology, Agricultural Department, Kiushiu Imperial 
University, Fukuoka, Japan. The presence of these foreign pathologists 
not only greatly increases the interest and value of these conferences 
to their American colleagues, but also lays the foundation for international 
cooperation of inestimable importance to the progress of plant pathology. 

The choice of locality for the 1920 phytopathological field meeting was 
especially foitunate. Agriculturally, the region visited is one of the most 
important of the United States. Scenically, the Shenandoah Valley and 
the Blue Ridge Moimtains are famous throughout the world. Historically, 
every foot of ground traversed is of interest from Staunton on the south 
to Gettysburg on the north, and the party was able to make special 
pilgrimages to the battle-fields of Antietam and Gettysburg. And finally, 
the kindness of the people in the sections visited, their generous hospitality, 
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and tlicir untiling effoids lo make the phylopathological field meeting of 
1920 both enjoyalilc and profitable, ^\ill remain a pleasant memory ^\ith 
all those ^^ho had the good f(»itimc to be present. 

G. R. Lyman, 

Chairman, Advisory Board of 
Amei'ican Plant Pathologists 

Steni-eiul rot of greenhouse tomatoes. —Late in January, 1920, the two 
southern commercial greenhouses at Macdonald College, Quebec, were 
planted with tomatoes. On May 2 a profuse growth of Botnjtis sj). was 
observed on the stem end of a ripe tomato at the noithwest end of the 
northern house. An examination of the surrounding plants revealed the 
fact that eight plants were affected. All showed grayish, slightly sunken 
areas on the stem sinular to those described liy Stone.’ They were usually 
about a foot above ground, and vaiied m size fiom 7 to 4 inches in length 
and from f inch to a two-thirds giidling of the stem in width. Growth 
of the fungus on the stem was slow and sporulation weak in the greenhouse, 
but in a moist-chamber infected stems gave a profuse m 3 Telial growth 
and sporulation was at a maximum. Cross sections of the diseased stems 
showed that the tracheae were discolored and in most cases the lumena 
were partially fiUed with a j'cUow-brown secretion. An interesting feat ure 
was the fact that the glandular trichomes characteristic of tomato and 
potato also showed this discoloration, while the epidermis and cortical 
tissues were apparently still normal. This was so marked that at a casual 
glance the stem would appear to be covered with minute sclerotia. 

In addition to stem infection, bj’’ far the most infection occmTcd on the 
calyx, fruit stalk, and stem end of the fruit, and in these cases sporulation 
was much more pronounced in the greenhouse. As the fruit develops 
the sepals ciu’l back on the ix?dicel, and an area about 2 mm. wide around 
the stem end of the fruit is exposed. It is in this area that infection of 
the frmt inostlj’ occurs. Cook and Schwai-tzc^ point out that in blossom- 
end rot of greenhouse tomatoes caused bj’- Batryhs sp. the disease was most 
common on the roughened blossom ends. Once (he calyx is infected fruit 
infection rapidly follows, whether the fruit be green or matm'c. Sporu¬ 
lation is profuse (fig. 1 ) and as the mycelimn advances it is preceded by a 
characteristic water-soaked area, which is well shown in figure 1 . 

The two houses were connected for ventilation purposes, air movement 
being maintained by the removal of areas of glass in the common wall 

’ Stone, E,. E. A new stem-rot and wilt of tomatoes. Phytopathology 9 : 296- 
29S. July, 1919. 

® Cook, M. T., and Schnarze, C. A. Two interesting diseases of greenhouse 
tomatoes. Phytopathology' 6: 364-368. August, 1916. 
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of tho ■l^^o houses. The dooi coimnunicatinu A\ith the corridor was at 
the end of tho j>,roeuhouw‘ whoio iiif(‘ction wa's first obborvcd, and the 
oi)emng of this dooi’ at anv time in tho spiing }>ave lihc to a stiona cuiient 
of air th]ouf»,h llu* two houses. There w'as at the same time an infestation 
of Avhite fly (J l( yiixU vapo) ai lui utn Westw.). Without doubt the opening 
of the door caused hundieils of th(' flies to be cairied throughout the 
houses and spores wei(‘ distnbuled by these eanieis. By May 15 the 
disease had spnaid l]uf)U}i,h both houses, veiy few' plants remaining free 
from infection. 

A\’^hen the fuut was attacked it would in most cases fall, unless it hap¬ 
pened to be in the middle of a bunch, w'hen it would be retained in place 



Fio, 1. Stem-End-Hot of Greenhouse Tomvtoes 

Showing at the left profuse sporulation of Botrytis ‘<p on the stem end of tomato. 
The suirounding wator-soaked area is also shown. Tlie right hand fruit shows 
clearly the water-soaked area caused by the advancing mycelium. Both natural 
infections. 

by tho others. The other fruits in the bunch would become diseased later, 
in all probability through mycelial infection. 

Pure cultures of the fungus were made on sterilized young tomato- 
stem plugs, on green tomato, on ripe tomato, on tomato leaves, and on 
glucose agar. In all cases there w’as luxuriant mycelial growth followed 
by abundant sponalation. At first the mycelium wras grayish-white but 
as the culture aged it became grayish-brown. The spores were egg- 
shaped, cinereous, and large, being on an average 8/* by 12/*. 

No sclerotia developed on material in the greenhouse, and in laboratory 
tests they developed in one case only. On May 3 a culture was made on 
a steiihzed young green fruit, and by May 28 there were sixty-three small 
black sclerotia averaging 1 inm. in diameter. 
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No lilting of the plants occuncd at Macdonald College, as no case 
was obseiwcd of complete giiclling of the stem, but the fruit infection 
assumed seiious proportions. 

B. T. Dickson 

Macdonald College 
Quebec, Canada 


Sclerotima wilt of greenhouse tomatoes .—On the morning of April 26, 
1920, my attention was called to a badly wilted tomato plant in one 



of the commercial greenhoases at Macdonald 
College, Quebec According to the greenhouse 
attendant, the plant was apparently in good 
health on the evening of April 24. 

On examination the base of the stem was 
found to have a slight covering of whitish 
mycelium for a distance of 6.5 cm. above 
groimd. At this height above the soil level 
there was a slight injury where the first leaf 
had been removed, probably during cultivation. 

Upon opening the stem three very fine black 
sclerotia were found, together with a little white 
mycelium, occupying the center in place of the 
pith. All the pith was gone up to a height of 
10 cm. above soil level and, also, part of the 
woody tissues. The uppennost sclerotium was 
7.5 cm. and the lowest 3 cm. above ground 
level. They measured respectively 3.5 mm. by 
14 mm. (fig. 2, A), 3 mm. by 7 nun. (fig. 2, B), 
and 4.5 mm. by 8 mm. (fig. 2, C). 

One sclerotium was w'ashed in HgCh solution 
and then in distilled water and planted in a 
test-tube containing sterilized green tomato 
fiuit, on May 3. It was kept at room tem- 
peratime, and by May 15 there was a profuse 
gi’owth of white mycelium typical of Sclerotinia 


Fig. 2, SCIESOTIKIA Wilt I'd. On May 17 sdcrotia to the 

OF Tomato number of sixteen had developed in the culture. 


Opened tomato atom show- developed in 

ing three sclerotia of Scleto^ tomato stem, and were on an average 3.5 
ttnia liberiiana. mm. by 7 mm. in measurement. 
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By May 8 the plant standing next to the one first discovered succumbed 
in a sunilai’ manner. Examination again revealed black sclerotia to the 
number of five, occupying the medulla of the diseased plant at a height 
of 16 cm. above soil level. On sterilized tomato plugs these gave rise to 
abundant white mycelium of Sderotima hheitiana, and later numerous 
sclerotia developed. 

The bed in which the tomatoes were growing had previously been 
planted with lettuce, which had suffered from an attack of lettuce “drop,” 
and sclerotia had been collected from this part of the bed in December, 
1919, on diseased lettuce leaves. 

There was no yellowing of the leaves of the plant prior to the wilting, 
the wilt setting in quite suddenty. 

This disease is apparently similar to that of potato known as “stalk 
divsease,” which is second only to late blight in importance in many areas 
of Ireland, and which is stated to be caused by Sderotinia sclerotiorum. 

B. T. Dickson 

Macdonald College 
Quebec, Canada 

A suspected mosaic disease of sweet clover. Mosaic is now of such wide 
distribution and economic importance, that its occurrence on a new host 
is worthy of note. A mosaic condition of sweet clover plants has, no 
doubt, attracted the notice of many; yet so far as can be learned, no 
mention has been made of it in literature dealing with plant diseases. 
In this note it is proposed simply to record its occurrence and the results 
of certain preliminary experiments carried out in the laboratory during 
the summer months. 

The disease is without doubt quite common on sweet clover. Dr. 
Gussow states that throughout eastern Canada he has noticed the disease 
in a great number of localities. It was firet seen by him in 1912 in plants 
in the vicinity of St. Catherines, Ontario. In the vicinity of Ottawa it is 
of very common occurrence. In almost every patch where the sweet 
clover was found growing wild, the disease was present. In most cases 
approximately half the plants were affected. In the plots of the Division 
of Agrostology on the Experimental Farm, where the plant is grown for 
certain tests, practically eveiy plant was found to be diseased. It is 
interesting to note that these plots are the progeny of a limited number of 
parent plants. These parent plants are stiU living, and they also show 
distinct evidence of mosaic being present. It is not known, however, if 
the parent plants were affected at the time the seed was borne. 

Affected plants show aU the distinguishing symptoms that characterize 
Mosaic disease (fig. 3). The loaves have a mottled appearance and are 
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Fig 3 Suspected Mosaic of &\\eet Clover Co ip4Rinq Portions op Diseased 

4ND Sound Plants (s^me Scale) 
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distoited and ciiiiod. The plants are somewhat dwarfed and exhibit an 
unhealthy appearance'. When ftrowing wild, disea-sed plants yield about 
one-half the heibage of their hcalth)’^ neighborb. (In the cultivated 
plots the giowth does not appear to bo seiiously interfered with.) Dis¬ 
eased and health}' plants arc commonly found growing side b}' side. The 
disease is most appaient in new’ growdh. In severe cases an early defolia¬ 
tion is noticeable. 

During the simnner montlis a nmnbcr of inoculation experunents were 
made in the greenhouse. Plants for these experiments iverc growm in 
pots from oidmaiy commeicial seed. All plants w'cre fi*oe from mosaic. 
Juice was expressed fiom wild diseased plants and inoculations were 
made in the leaves by means of a steiilc needle. On July 5 a set of tw'enty 
plants wcie thus inoculated; by Jul}' 27 tw'elve w'erc distinctly diseased. 
On July 6 a set of fifteen plants w’ere inoculated w’itli juice used in former 
experiments after it had been passed through a Chambeiland filter. 
Four of these plants became infected. Checks to these experiments 
remained healthy throughout the sununcr. Other inoculation experiments 
were made at later dates during sunmier. Some 140 plants were used in 
these, but there resulted only three infections. As the same procedure 
in making the inoculations w^as followed, the reason for the low percent¬ 
age of infection is not known. 

The w’riter has had the pleasure of discussmg the results of the experi¬ 
ments with Dr. Gussow'. He agrees that the disease is in every respect a 
typical mosaic. The inoculated plants develop the disease in the char¬ 
acteristic manner, i.e., by showing itself first in the new growth, and by 
not attacking fully formed leaves. Ho suggests that the particularly low 
percentage of infection m the later experunents w'as due probably to a 
higher temperature at the time of these inoculations, or peihaps to a 
change in the infectious qualities of the juice as the season advances. 

Further (‘xperiments are being made, and a report wnll be made on 
these as lesults warrant. The writer wishes to express his appreciation 
of Dr. Gussow’s interest and advice in these experiments. 

H. R. MgLaety 

Division of Botany 
Experimental Farms 

Plant pathology in the Philippines. The Department of Agriculture and 
Natural Resources of the Philippine government has recently organized 
a division of Mycology and Plant Pathology. H. Atherton Lee, formerly 
pathologist, Office of Fruit Disease Investigations, United States Depart¬ 
ment of Agriculture has been appointed Mycologist and Pathologist in 
charge. Mariano G. Medalla, formerly citrus canker agent, Bureau of 
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Plant Indii&tiy, United States Department of Agriculture, has been 
appointed Assistant Patholop,ist. Feliciano M. Clara, Fclicisimo B. 
Serrano, and Gaudencio M. Beyes, graduates of the College of Agricul¬ 
ture, University of the Pliilippincs, have been appointed scientific assis¬ 
tants. The laboratories of this newly created division have been estab- 
hshed in the Phihppine Bureau of Science and voiy complete laboratory 
equipment and a botanical library, unusually extensive for the Orient, 
have been made available for tliis work through the kindness of Director 
E. D. Merrill of the Bureau of Science. 

Tropical phytopathology. The Tropical Research Laboratoiy of the 
United Fruit Company, which was fonnerly located at Zent, Costa Rica, 
and closed during the period of the war, is being reopened at Changuinola, 
Panama. Dr. John R. Johnston, Professor of Plant Pathology in the 
University of Havana, has been appointed Director of Tropical Research 
for the Company with headquarters in Havana, and two pathologists will 
be located at the Laboratory in Panama, one to continue work on the 
banana disease, and one on the diseases of the coconut, cacao and other 
crops. 

Banana wilt in the Philippines. Plants of the Latundan variety of the 
banana, Musa sapientum, have been observed affected with banana wilt 
at Los Bafios and Calamba in Laguna Province, and in several munici¬ 
palities of Batangas Province, Philippine Islands. Affected plants show 
the typical yellowed leaves, sloughing off of leaf sheaths, split pseudostem, 
and reddish discolored rhizomes so excellently described by Brandos in 
Phjdopathology, 9, no. 9, September, 1919. A Fusarium species which 
agrees verj’- closely with the description of Fusarmm cuhense, E. F. Smith, 
has been constantly isolated from the upper hmits of discolored tissue 
in the pseudostem. This fungus upon inoculation with noodle punctures 
into the pseudostem of healthy banana plants caused a blackening of the 
tissues which advanced rapidly longitudinally. Control punctmns re¬ 
mained negative. Although the literature concerning the distribution of 
banana wilt is not all available here, we believe this to be the first 
observation of this disease in the Philippine Islands. 

The disease is found in plantings eight to ten years bid and being found 
in faii’ly well distributed localities is apparently of long duration in this 
country. 

The abaca plant, Mvsa textilis N6e, from which Manila hemp is 
obtained, is of course very closely related to the banana species. This 
plant is closely restricted in its distribution to the Phillippine Islands and 
its products constitute the most important items of export from this 
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countiy. For this reason we felt conhiderablc concern as to the suscei^ti- 
bility of abaca plants to the banana wilt disease. Inoculations with 
Fumnum cubense upon abaca plants have in oui’ preliminaiy experiments 
remained entirely negative, while inoculations from the same culture on 
banana plants have resulted positively. The evidence indicates that the 
abaca plant may be considered resistant to this disease. 

H. Athbbton Lee 
Felicisimo B. Sehrano 

Bureau op Science 
Manila, P. I. 
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CoMPiiiED BT Alice C. Atwood, and Ploeencb P. Smith, Bibliogbaphical 
Absistants, Bubbau op Plant Industry 
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Adams, James Fowler. Rusts on conifers in Pennsylvania. Pennsylvania Agr. 
Expt. Sta. Bui. 160:3-30, illus. 1919. 

- Sexual fusions and development of the sexUal organs in the Pcridermiums 

Pennsylvania Agr. Expt. Sta. Bui. 160:31-77, illus. 1919. 

Literature cited, p. 66-87. 

Anderson, Harry Warren. Dendrophoma leaf blight of strawberry. Illinois Agr. 
Exp. Sta. Bui. 229:127-136, illus. 1920. 

Due to fungus identical with Phoma ohscurans E. & E., for which the author 
proposes new comb. Dendrophoma ohs^turans. 

Ashby, S, P. Report of microbiologist, 1918-1919. Ann. Rpt. Dept. Agr. Jamaica 
1918/19: p. 26. 1919. 

Banana diseases, Panama disease or banana wilt; Budrot of coconuts, one type 
of which is due to a fungus closely related to or identical with Pythium palmi- 
vorum Butler, the cause of budrot in India. 

Association of Economic Biologists. The integration of myoological research with 
practice in agriculture, horticulture and forestry. Ann. Appl. Biol. 6:317-348. 
Ap. 1920. 

Symposium held Deo. 11, 1919. i. The administrative problem, by A. D. 
Hall.—ii. The training problem, by V, H, Blackman.—iii. The agricultural 
problem, by E. J. Russell.—iv. The horticultural problem, by F. J. Chitten¬ 
den.—^v. The forestry problem, by W. Somerville.—^vi. General discussion. 
Atwood, George Gray. Report of bureau of plant industry. Ist Ann. Rpt. N. Y. 

Dept. Farms and Markets [1917]/18:114r-130. 1919. 

Avema-Sacefi., Rosario. Moleatias do ara^aaeiro (Psidium aragd). Bol. Agr. [Silo 
Paulo] 21:43-46, illus. Ja./Mr. 1920. 

Puednia psidii, Wint. associated with anthracnoso GloesporiumfruHus psidH. 

- Molestias do cambucazeiro (Rubachia glomeraia). Bol. Agr. [Sao Paulo] 

21: 37-42, illus. Ja. /Mr. 1920. 

Puceinia {XIredo fiavidida Wint.), JowSalono Rang.; anthracnoso, OloespoHum 
fructue, 

-. Molestias crs^ptogamicsks do cacaueiro (Thcobroma cacao) e do coquiro 

(Cocos nuoifera). Bol. Agr. (Sao Paulo] 21:46-186, illus. Ja./Mr. 1020. 

Literature in footnotes. 

^Tbis list includes lefersnces. both Amenean and foreign, to the hterature of plant pathology and 
myetdogy of interest to pathologists. Foreign references published since January 1, IW, have been in- 
duded b^ghudng with the list appealing in. v. 7, no S, June, 1917. 

All authors are urged to cooperate in making the hst complete by sending their sepaiates and bv making 
coiteoUons and additions, and especially by attention to mentorious aiticleB outddo of regular 

iounisls. XUprints or ooneepondence dioiild be addressed to MiseSl. B Oberly, librarian. Bureau of 
Plant Industry. 17. S. Sept Agrio., Wadiiiigton, S. C, 
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Bal, S. N., and Choudhury, H. P. Cormaentaliones mycologicae, 2-7. Jour. Dept. 
Rci. Univ. Calcutta 2 (Bot.): 1-9, 31-36. 1920. 

2. Macrosporiura (Flics) gro-wing on Cilius medicn (var. atida) and other 
species of Citrus.—3. Exoascus (Fiickel) on Nepheliiim Uichi. —4. Alternaria 
Nces, on leaves of (a) Nicoliana plumhaqim folia, and (b) Datura stramonium. 
—^5. Venmeularia jatrophae Speg. on Jatiopha intdfytnima. —6. Phi/Uostieia 
glijcosmidiH, Si’^dow and Butler, on Glycosmis penlaphylla, Corr.— 7. A short 
study of Plicaria icpmtda (Wahl) Helira. on Boras<f7t.s Jlabelhfer, Linn. 

Ball, Elmer Darwin, and Fenton, F. A. Potato leaf hopper and the leafbtirn. 
Potato Mag. 2 (.12). C-7. illus. Je. 1920. 

“It seems woith while to record the present state of our knowledge.” 

Beck, Olga. Uber eino Methode der Raatgutuntersuchung auf Brand und uber 
das Versagen der Kupfervitiiolbeizc Natimv. Ztachr. For&t u. Landw. 18: 
8a-99. Mr./Ap. 1920. 

Literature in footnotes. 

Biflfen, Rowland Harry. Annual report for 1919 of the botanist [of the Royal agri¬ 
cultural society]. Jour. Roy. Agr. Soc. England 80:407-411. 1919. 

Bourdot, H., and Galzin, A. Hytn6nomyc6tes de France. VI. Astdrostromds. 

Bull. Soo. Mycol. France 36:43-47. Mr. 31, 1920. 

Braun, Hany, Presoak method of seed treatment: a means of preventing seed 
injury due to chemical disinfectants and of increasing germicidal efficiency. 
Journ. Agr. Research 19; 363-392, pi, 69-82. Jy. 15, 1920. 

Literature cited, p. 392. 

Brittlebank, Charles C. Flag smut (Uroeystis tritici, Koern.). Jour. Dept. Agr. 
Victoria 18: 240-243, illus. Ap. 1920. 

Broili, Josef. Solanxun edinense Berthault, eiu fur die landwiitschaft Wertvoller 
Kartoffelbastard. Deut. Landw. Prcsse 47:359-360. Je. 23, 1920. 

The S. etiiberosvm of Sutton, but not identical with S. etvherosum of Lindley. 
Very resistant to Phytophthora. 

Brooks, Archibald Joseph. Efforts made to prevent the introduction of serious 
plant pests and diseases into Saint Lucia, and the spreading therein. Agr. 
Dept. St. Lucia,-Leaflet 17, 12 p. D. 1919. 

Bflren, Gunther von. Beitrag zur Kenntnis des Mycela der Gattung Volkartia R. 
Maire (v. Buren). Mitt. Naturf. Gesell. Bern 1916; 112-124, illus., col. pi. 1917. 
Zitierte Literatur, p. 124. 

Volkartia perennial in subterranean organs of host but appears to cause no 
substantial injury. 

-. Untersuchungen uber die Entwicklungsgeschichte und Biologie der Proto- 

inycetaceen. (Abstract.) Mitt. Naturf. Gesell. Bern 191f; xlvii-1. 1917. 
Burger, Owen Francis. Decay of fruit during process of marketing. Trans. Pe- 
nmsula Ilort. Soc. 33 (Delaware State Bd. Agr, Bui., v. 9, no. 3): 62-66. 1920, 
Burkholder, Walter H. The effect of two soil temperatures on the yield and water 
relations of healthy and diseased bean plants. Ecology 1:113-123, illus. Ap. 
[Ag.] 1920. 

CaUf omia. D epartment of Agriculture. Horticultural statutes of the states of Cali¬ 
fornia. Corrected to November 1,1919. 174 p., map. Sacramento, 1019. 
Canada. Experimental farms. Division of botany. Mosaic disease in potatoes. 
Agr. Gaz. Canada 7; 557-558. Jy. 1020. 

Experiment to ascertain if potatoes from seed grown in disease free areas, 
can be grown in fields where the disease exists, without diminishing the first 
year’s crop. 
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Chenantais, J. E. Sillon ct pores germinaiifs. Bui. Soe. Mycol. Franco 36: 29-33. 
IVIr. 21, 1920. 

Chiovenda, Emilio. Nuova localita daliana per il Myiioatoma eohCormo (Diehs.) 
Corda. Nuov. Gior, Bat. Ital. n. b. 27: 7-10. .Ta. 1920. 

eWpp, Thomas Ford. A host index of fungi of the Malay peninsula. IT. Card. 
Bui. Straits Settlcm. 2:270-282. Je. 28, 1920. 

Collins, James Franklin. Note on rcsistanoo of chesiimt to the blight. Phyto¬ 
pathology 10 : 367-371, illus. Jy. 1920. 

Cook, Melville Thurston. Lessons learned from seed inspection last season. Now 
Jersey Dept. Agr. Bui. 24:280-284. 1920. 

Meeting New Jersey state potato association Ja. 15, 1920. 

Cool, Catharina. Trametes pini (Brot.) Fr. nicuw voor Nederland. Nedorl. 

Kruidk. Arch. 1919: 126-128, illus. My. 31, 1920. 

Daslur, Jehangir Fardunjii. Glomerclla cmgulata (Stoneman) Spauld. and v. 
Sell, and its eonidial foims, Glooosporium piperatmn E. and E. and Gollcto- 
triohum nigrum E. and Hals on chillies and Canca papaya. Ann. Appl. Biol. 
6:245-268, pi. x. Ap. 1920. 

Literature in footnotes. 

GloespoHum p%pe\atum and Collelotiiehum nigium considered identical with 
Glomerella migulata, and latter synonymous with Gnomo7iwpiii'i {Qlmneidla) 
piperata Stoneman. New disease of Carica papai/a caused by eonidial forms 
of a Glomerella identical with that on cUiUieR. 

Dietel, Paul. tJber die Aecidiumform von IJromyccs gonistao tincioriae. Ann 
Mycol. 17:108-109. 1919 11920]. 

Aeaidium ouphorhiae. 

Doidge, Ethel Mary. The eradication of citrus canker. Jour. Dept. Agr. So. 
Africa 1; 124-134, maps. My. 1920. 

Act (No. 10, 1919) to amend the Agricultural pests act, 1911, in respect of 
land or plants infected with citrus canker, p. 130,134. 

Doz, Arthur "Wayland, and Board, G. W., Jr. The utilization of ot methylglucoside 
by Aspergillus niger. Jour. Biol. Chem. 41:476-181. Ap. 1020. 

Edgerton, Claude WUbur, Albert Thomas Bell. Phytopathology 10; 373-374, port. 
Jy. 1920. 

-and Moreland, C. C. Tomato wilt. Loui8ian,n Agr. Expt. Sta. Bui 17i* 

l-5i, illus. Ap. 1920 
Literature cited, p. 64. 

Essig, Edward Oliver. New hosts of oak-root fungus in Humboldt. Mo. Bui. 
ijtate Com. Hort. [California] 8:79-80, F. 1919. 

Fischer, Eduard. Neuere Forschungen ilber Hausschwamm. (Abstract.) Mitt. 
Naturf. Gesell. Bern 1916; vi. 1917. 

'• 8U16 Botrytis-Krankheit der Kakteen. Reprinted from Schweiz. 

Obst- u. Gartenbauztg. 22:106-107. 1920. 1 leaf. 

Coryneliaceao. Mycologia 12: 
Fo8z, ^tieime Edmond. Quelques causes do d('‘g(?ndre8cenee chez la pomme do 

terre. Jour. Soc. Nat. Hort. France IV, 21 :204r-207. Jo. 1920 , 

Same article previously noted in Comi>t. Rond. Acad. Ap. France 6:398-^1. 
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Francis, W. Orchard pests and how to control them. Joum. Agr. So. Aust. 21: 
951-954. Jy. 1918. 

Fungus diseases: apricot scab, curl leaf of the peach, black spot of apple and 
pear. 

Freeman, Edward Monroe. Division of plant pathology and botany. Minnesota 
Agr. Exp. Sta. 27th Ann. Ept. 1918/19: 54-56. 1919? 

Fron, Georges, and Lasnier, E. Sur une chytridinde parasite de la luzeme. Bui. 
Soc. Mycol. France 36; 53-61, illus., pi. 5. Mr. 31, 1920. 

• Bibliographie, p. 60. 

Fttlmek, Leopold, and Stiff, Anton. t?ber in Jahre 1916 ersehienene bemerkenswerte 
Mitteilungen auf dem Gebiete der tierischen und pflanzlichen Feindc der 
Kartoffelpflanze. Ccntralbl. Bakt. II, 61: 97-129. Je. 10, 1920. 

Gdumann, Ernst. Ein kleiner Beitrag zur Pilzflora des Krakatau. Bui. Jard. Bot. 
Buitenzorg III, 2: S-9, pi. 1. My. 1920. 

Macrophcnna arundinae n. sp. on Arundina specioaa; Phylloatica tinisporae 
n. sp. on Tinispora crispa. 

Gauch, Achille, and Durand, Joseph. Quelques considerations sur la nature de la 
maladie du courl-noud. Prog. Agr. et Vit. 74: 504-643. Je. 6, 1920. 

See also p. 636. 

Gonzales Fragoso, Romualdo. Datos para la deuteromicetologia catalana. Mem. 

R. Acad. Cienc. y Artes, Barcelona III, 16 (17), 429-467. illus. My. 1920. 
Gortner, Ross Aiken. Biochemistry of resistance to disease in plants. Minnesota 
Agr. Expt. Sta. 27th Ann. Rpt. 1918/19:34-35. 1919? 

Great Britain. Ministry of Agriculture. Insect and fungus pests in July and 
August [1920]. Jour. Min. Agr. Gt. Brit. 27:375-378. 1920. 

“It is proposed to include periodically in this Journal notes on insect and 
fungous pests which are likely to be troublesome in the month following.” 

Haack. Zor Kienzopf-Krankheit. Ein erneuter Infektionserfolg mit Acidicn- 
sporen. Ztschr. Porst- u. Jagdw. 48:265-268. My. 1916. 

Hall, Constant Johan Jacob van. Cacaokonker. Teysmannia SI: 106-113. 1920. 
Harvey, Rodney Beecher. Hydrogen ion changes in the mosaic disease of tobacco 
plants and their relation to catalase. Jour. Biol. Chem. 42:397-400. Jy. 
1920. 

Hedgcock, George Grant, Hunt, Nicholas Rex, and Hahn, Glenn Gardner. New 
species and relationships in the genus Colorsporium. Mycologia 12:182-»198. . 
Jy. 1920.. 

Publications cited, p. 197-198. 

Hedrick, Ulysses Prentiss. Factors affecting hardiness in fruits. Massachusetts 
State Dept. Agr. Circ. 6, 10 p. Mr. 1919. 

Symposium of experiences on varying behavior of peach trees during freezes 
and frosts. 

Heinricher, Emil. Zur Biologie der Bltite von Arceuthobium. Naturw. Ztschr. 
Forst- u. Landw. 18:101-107. My./Ap. 1920. 

Comment on Tubeuf’s “tJberbliok ftberdie Arten der Gattung Arceuthobium 
(Razoumowskia)” in v. 17 of same journal. 

Heinricher, Emil. Zur Kenntniss der Yerhaltnisse zwischen Mistel und Bim- 
baumen. Ztschr. Pflanzenkrank. SO; 41-61, illus. 1920. 

Literature in footnotes. 

HShnel, Franz Xavier von. Mykologische fragments. (CCXCI-CCXIV). Ann. 
Myool. 17:114-133. 1919 [1920]. 
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Houard, C., and Lortet, M. Des effets de I’hiver 1916-1917 sur les plantea du Jardin 
botanisque de Caen. Bui. Soc. Linn. Normandie VI, 10:184-212. 1919 [1920?] 

Jardine, C. A. Eelwoim in daffodils. Garden 84; 374-375. Jy. 24, 1920. Con¬ 
tinued from p. 361. 

Keissler, Karl von. Ueber Pilzc auf Orchidcon im Rcielxenbachschen Ilerbar. 
Beih. Bot. Centbl. I, 36: 307-319. 1918. 

Killian, Karl. tJber die Blattfleckenkrankheit der Tomato hervorgerufen durch 
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STUDIES ON THE RATE OF GROWTH AND BEHAVIOR OF THE 
BLISTER RUST ON WHITE PINE IN 1918 

Abthxth S. Rhoads 

The field studies upon which this paper is based were conducted by 
the writer at Kittery Point, Maine, during the spring and summer of 
1918, as paii) of the campaign of intensive fildd investigations on the white 
pine blister rust directed by Dr. Perley Spaulding of the U. S. Bureau 
of Plant Industry. These studies were undertaken with a view to deter¬ 
mining the rate of growth and behavior of the blister rust cankers, and 
to gain a better conception of the ecology of this very important parasite. 
Although based on the work of but a single year in a single locality, the 
results in general are believed to be typical of the rate of growth and 
behavior of the blister rust on white pine. 

EXPEEIMENTAL METHODS 

During the last week in April, the beginning of aeciospore dissemination, 
and the first week in May, one hundred and thirty-three cankers, ranging 
from the smallest to the largest on the trunks, branches, and twigs of 
one hundred trees, wore outlined by a narrow band (about | inch in 
width) of white lead paint.^ Each canker was marked by a number 
painted neai' it, and the location of each of the one hundred trees bearing 
the cankers outlined for study was plotted to scale on a map. 

The trees in question ranged in age from nine to twenty-five years, 
in diameter from | inch to 9 inches at 1 foot elevation, and in height from 
2| to 30 feet; they were mostly trees in the open that showed little or no 
tendency to suppression. In addition to the tree description, a full 
d^cription was made 'of the individual cankers at the be ginning of the 

* No injurious effect of the white lead paint on the bark was noted, and its super¬ 
ficial application is not believed to have had any effect on the growth of the young 
mycelium at the outer edges of the cankers, since this occurs mostly in the inner 
portion of the bark. In many cases aocia burst through the bark directly beneath 
the narrow band of paint. 
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study. Along with the latter data a study was made of such points as 
the origin of the infection; its position on the stem, that is, whether it 
had occurred at the node or intemoflc, and its location by whorls of 
branches counted down from the top; the center and extent of the actively 
fruiting canker's by whorls of branches; the size of the diseased stem in 
contrast to the size of the normal stem estimated at the same point; the 
extent of both the past and present aecial areas, together with the abun¬ 
dance of aecia on the 1918 fi’uitmg area; and other points bearing on the 
increase in size, during the growing season of 1918, of the vai'ious zones 
usually exhibited by the cankers during the different stages of their 
development. In addition to the points enumerated above, full notes 
were made from time to time on the death of the trees or branches of the 
trees, resulting from the normal growth of the fungus, or from attacks 
by insects or secondary fimgi. 

The cankers were outlined at the outer limits of the etiolated zone of 
bark, which roughly mai'ks the tips of the invading mycelium. In the 
early spring there was a pronoimced etiolated zone, usually extending 
well beyond the pycnial zone of the preceding year, on which latter area 
the 1918 growth of aecia was starting to develop. 

The second series of measurements was made during the last week in 
July, nearly two months after the beginning of the 1918 pycnial develop¬ 
ment. At this season of the year there was but very little or no etiolated 
bark to be seen beyond the pycnial zone, since the new pycnial area had 
developed over the areas previously etiolated on the cankers. A dotted 
line was painted about the edge of the etiolated zone, or about the outer 
edge of the pycnial zone in case the etiolated zone did not extend beyond 
the pycnial zone. Measurements were made up and down, and to the 
left and right, from the original painted line in cose the canker had not 
by this time completely encircled the stem on which it was developing. 
In making the measurements the writer was careful to tako them between 
the centers of the two linos; in this way cumulative errors in the measure¬ 
ments, due to the unavoidable thickness of the line of point, wore avoided. 
The trees bearing the numbered cankers were under ahnost daily obser¬ 
vation from the latter paii; of April to the end of July. 

During the second week in September the writer relumed to Kittory 
Point in order to again outline the cankers and to complete a third senes 
of measurements on their growth. At this time the majority of the 
cankers were still producing pycnia abundantly. 

At the begi nnin g of the study the problem of securing reliable data 
for an index of the rate of growth of the blister riust was thought to be 
a long-term proposition, but the advance of the cankers during the grow¬ 
ing season of the host was so decided that the r^ults of the first season’s 
study are deemed worthy of publication. 
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behavior of pycnia and aecia 

Pycnia develop on the etiolated zone of bark at the edge of the canker, 
just beyond the aecial zone, which, if present, is developed earlier in the 
same year. The production of pycnia began the first week in June and 
continued steadily until September 10, the date when the last observation 
was made. It has been the experience of others that the production of 
pycnia continues until the beginning of winter. 

Aecia are produced in the spring with the advent of warm weather 
and, as a rule, are produced in varying degrees of abundance. They 
occur chiefly on the pycnial area of the preceding year. On some cankers 
no aecia may be produced, and on others their development may be so 
great that they not only fruit all over the pycnial area of the preceding 
year but extend considerably beyond it. In one case observed, within 
a little over two weeks after the outer limits of a canker had been out¬ 
lined on the trunk of a tree 2| inches in diameter, the aecial area jumped 
beyond the line and burst out from imder the bark which, previously, 
had neither produced pycnia nor shown any etiolation, and extended for 
a distance of 3 inches below the lower limit of the canker as originally 
outlined, thus bringing it down to the ground line. 

Early in the season of aecial fruiting the writer started an experiment 
to detennine just how long the individual aecia disseminate spores. On 
May 3, three hundred pins, each bearing its number on a piece of paper, 
were carefully stuck into as many different aecia on a total of twenty-two 
trees representing an even larger number of cankers. The pins wore 
placed only in those aecia that had either just started or were practically 
ready to break open. By May 20 the peridia of all but sixty-three of the 
aecia were well ruptured or lost entirely, together with most of the spore 
mass. On May 29 only nineteen aecia stOl retained their peridia, and on 
June 4 only four of these had preserved their peridia. In Lho latter case 
the retention of the peridia was abnormal, the entire aecium being either 
sealed over with a crust of resin or held in place by tightly appressod 
bark scales. From the behavior of the three hundred aecia under study 
it is erident that they attain the climax of their development within less 
than two weeks after the peridia start to break open, and then begin to 
decline rapidly. Spore production seems to be mostly over with the 
maturity of the aecium and the rupture of its peridium. After this 
stage of development is reached the aeciospores gradually become dis¬ 
seminated. Aeciospore dissemination may be regarded as practically at 
an end within four weeks after its stait, the heaviest part of it being over 
in two weeks. 
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After the climax of the aecial development has passed, a few sporadic 
accia may later develop out beyond the main fruiting, zone. Such pustules, 
as a rule, are of smaller size than the majority of those fii-st formed. 

Quite frequently aecia were observed on old aecial areas that had fruited 
the preceding year, and, in some few cases, oven earlier. Such fruiting 
seems to be confined to isolated areas where the vitality of the bark was 
not entirely depleted by the previous production of aecia. 

On trees where the infection has been of long standing and its point 
of origin not too high, the aecia develop down the trunk to the ground 
line, and often continue their development down onto the roots and even 
fruit several inches below the surface of the duff and soil. 

RATE OE GROWTH OP THE BLISTER RUST ON WHITE PINE 

During the period of four and one-half months for which tho growth 
of the blister rust cankers was computed, a number of potential measure¬ 
ments were lost unavoidably. In some cases entire measurements were 
lost due to the death of certain trees and pai'ts of trees bearing the meas¬ 
ured cankers, as a result of the disease itself, insect attacks, and the break¬ 
ing of branches.' An even larger number of measurements of the down¬ 
ward growth of the cankers was invalidated, since many of the cankem 
near the base of the trunks grew down to the ground line before the end 
of the season, so that in such cases the complete record of growth in this 
direction could not be obtained satisfactorily. Of the measurements on 
the spread of the cankers ai’ound the stems, but few were obtained, since 
most of the cankers had already encircled the stems at the beginning of 
the aecial season and the majority of the remainder did so soon after the 
initial measurements were made. The complete growth records available 
for the whole season from May 1 to September 10 may be briefly summed 
up as follows: 

One hundred and thirteen measurements bn upward growth gavo an 
average figure of 2.44 inches; seventy-seven measurements on downward 
growth gave an average figure of 2.57 inches. Tho total vertical growth 
of the cankers, both up and down, therrfore averages 6 inches. Twelve 
measurements of the circumferential growth of the cankers to tho loft 
gave an average figure of 1.17 inches; thirteen measm’ements of the same 
type of growth to the ri^t gave an average of 1.33 inches. The lateral 
or circumferential growth of the cankers, both to the left and li^t, there¬ 
fore averages 2.6 inches, or one-half that of the vertical growth. Unfortu¬ 
nately, but few measufements of growth in the lateral direction were to 
be had, due to the rapidity with which the disease encircled the ^all 
stems at the infected point. 
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In general it may be said that the growth of the blister rust cankers is 
in direct proportion to the size and vigor of the stems on which they 
occur. Cankers on the lower and usually smaller branches, cither shaded 
or unshaded, develop very slowly. Shading apparently has little effect 
on their development. 

The rate of growth of individual cankers is quite a different matter 
from the average rate of growth of a large number. A few cankers that 
made no growth during the period from May 1 to July 31 advanced con¬ 
siderably after that date. On the other hand, a few that made consider¬ 
able growth dm’ing this period made none during that between August 1 
and September 10, Still a few other cankers made no advance during 
the entire summer, although they produced aecia sparingly in the spring. 
The greatest upward growth noted between May 1 and September 10 
on any one canker was 6 inches; the greatest downward growth noted 
during this period on any one canker was 8 inches. 

A comparison of the growth figures for the fib^t three-month period, 
from May 1 to July 31, shows that the average vertical growth was approx¬ 
imately the same in both directions and constituted approximately 50 
per cent of the total vertical growth of the whole period from May 1 to 
September 10. The average lateral growth of the first throe-month 
period was approximately the same in both directions, but constituted 
70 per cent of the total lateral growth of this whole period. Comparison 
of the lateral growth of these periods, however, is loss certain than that 
of the vertical growth, as the former is based on vastly fewer %ures than 
the later. In general it may be said that the growth of the blister rust 
cankers for the one and one-half month period in the latter part of iJie 
summer was as great as that of the thrne-monlh period in the spring and 
early part of the summer; in other words, during the latter part of tho 
summer growth was twice as fast as that during the spring and early part 
of the summer. It is likely that the rate of growth of the blister rust 
on white pine is influenced chiefly by temperature. That temporaturo 
is in all probability the chief climatic influence in determining tho rate of 
growth of the chestnut blight fungus {Endothia parasitica), a bark-inhabit¬ 
ing parasite, has been shown by Stevens (5). 

The above figures for the growth of the Ijlister rust cankers (6 inches 
for total vertical growth and 2.5 inches for total lateral growth) from 
May 1, 1918, to September 10, 1918, do not constitute a reliable index 
of the total annual growth, since more or less vegetative growth of the 
blister rust fungus may be expected to occur between early September 
and the end of April, particularly between early September and the 
beginning of winter. The advent of winter does not completely inhibit 
the vegetative growth of many of tho wood- and bark-inhabiring fungi, 
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since many of them will grow at temperatures of but a few degrees aljove 
the freezing point. For example, Stevens (4) states that field observa¬ 
tions and laboratory experiments both show that the chestnut blight 
fungus (ETidothia parasitica) will grow whenever the temperature rises 
above the minimum for growth, which, as Shear and Stevens (3) have 
deteimimed, is about 8° or 9°C. As Stevens (4) states, this apparently 
is true regardless of the previous temperature and whether the host is 
dormant or not. 

Mr. G. F. Gravatt, while at Kittery Point early in September, 1919, 
outlined with paint and remeasured a number of the cankers marked by 
the writer in May, 1918. In a recent communication he reports that the 
average growth from May 1, 1918 to September 10, 1918, of the thirty- 
five cankers which he remeasured was 2.7 inches, whereas the average 
growth from September 10, 1918 to September 6, 1919, was 4.11 inches, 
baaed on the same thirty-five cankers measured at the same points. Most 
all of these measurements were of growth up the stem. Unless a study 
of the weather conditions, particularly the temperature, shows a great 
difference between 1918 and 1919, it must be assumed that the blister 
rust makes considerable growth between September 10 and May 1. It 
is to he expected, however, that the majority of this growth will take place 
between September 10 and the beginning of winter. Judging from tho 
remeasurement figures furnished by Mr. Gravatt, the growth figm'cs 
from May 1 to September 10 given the writer as an average for cankers 
of various sizes, represent about two-thirds of the total annual growth 
of the blister rust cankers. 

In table 1 the available figures on the vertical growth of the blister 
rust cankers from May 1 to September 10 have been correlated with the 
size of the stems on which they occurred. From this condensed presen¬ 
tation of the figures it is evident that tho larger the stems, within the limits 
given, the greater is the growth of the cankers, in a vortical direction at 
least. 

As only a single tree fell in the “4.1-5.0” diameter class, this individual 
was omitted from the comparison. This table likewise analyzes tho rate 
of downward growth in comparison to that of the upward growth of the 
cankers. It shows a tendency, in aU but the last diameter class, for the 
downward growth to exceed the upward growth in cankers falling in the 
same diameter cto. 

Many of the largest cankers on the trunks and older branches are 
formed as a result of two or more branch infections which run back into 
the main stem either simultaneously or at different times. The result 
is that a canker of unusual length is ultimately formed. The longest 
canker noted on a branch was on a twenty-five-year-old tree. In the 
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spring of 1918 this canker was already 42 inches long and had part of the 
old aecial area eaten off by squirrels; dining the summer of 1918 it extended 
its length nearly 4 inches. The two lateral branches, through which 
infection entered simultaneously, died during the summer, but the main 
branch with a canker 46 inches in length was still living at the end of the 
season. It was only If inches in diameter but had enlarged to 2 inches 
at the center of the canker; the age of the infected portion varied from 
eight to twelve years. 


TABLE 1 


Coilelation of the teitical growth of the catikeis, fiom May I to Sepiemhei 10, vnth the 

size of the stems on which they occuiied 


DIAMETFR 

CL^asLS or 

81 HUB 

iTER^QC TOT4L , 
GROWTH 'UI' 

MTMBER or 
CANKERS BAflRD 
ON 

V'VEBAGE TOT4L 
GROWTH DOWN 

NUMBER or 
CANR.CBB BASED 
ON 

TOTAL WERA.an 
VERllOAL 
GROWTH 

xnchea 

inches 




%nches 

0 1-0 5 

0 75 

16 

1 35 

16 

2 10 

0 6-10 

1 57 

24 

2 OG 

22 

3 63 

1 1-2 0 

2 90 

31 

3 09 

22 

5 99 

2 1-3 0 

3 03 

30 

3 42 

12 

6 45 

3 1-4 0 

3 55 

14 

3 42 

6 

6 97 


The longest canker noted on the trunk was one on a 2-inch tree that 
had enlarged to inches at the center of the infection. In the spring 
of 1918 the canker had attained a length of 39 inches, apparently aU this 
growth resulting from a single infection, and had grown down to the base 
of the tree, thereby rendering fuither growth in this direction difl&cult 
to measure. The age of the infected portion of the stem ranged from ten 
to thirteen years. This tree, which had withstood the attack of the blister 
rust for so long, finally succumbed eaily in the summer of 1918. 

PATHOLOGICAL EFFECT OF THE BLISTER RUST ON WHITE PISTE 

White pine blister rust cankers may result in cither a swelling or a 
constriction of the pine stem; both symptoms may bo of equal prominence 
on the different stems. That there is a regular occurrence of, and a definite 
relation between, the swelling and constriction of the pine stems does not 
seem to have been pointed out clearly, the two having been regarded 
largely as pathological symptoms of more or less haphazaid occurrence. 

The writer's field studies indicate that infected twigs and the smaller 
stems up to 2 inches in diameter, as a rule, exhibit swelling which is pro¬ 
portionately greater the smaller the stem, and that infected stems of 
about 2 inches or more in diameter rarely become swollen but either 
remain normal in outline or become constricted^ depending upon the age 
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of llic infection. As a rule infected stems of this size retain their normal 
diameter for a time and become constricted only after the cankers have 
developed for a long time. With the continued development of the blister 
rust cankers on these larger stems the constriction becomes more and 
more pronounced until the girdling is sufficient to completely retard 
conduction in the stem and its death ensues. The reason for the differ¬ 
ence in pathological sjmptoms, namely, swelling in comparatively young 
cankers on the smaller stems, and constriction in the case of the older 
cankers on larger stems, are readily understood when one makes a stem 
analysis of the lesions, * 

According to Colley (2), the mycelium of the white pine blister rust is 
confined almost entirely to the region of the cortex and phloem cells, 
although the hyphae do enter the rays and occasionally work their way in 
between the tracheids so that they have been traced to a depth of three 
annual rings, counting in from the cambium. 

In the early stages of the disease the etiolation of the bark and its subse¬ 
quent swelling are the first prominent pathological symptoms of stem 
infection. The swelling is confined to the bai’k alone, and, according to 
Colley (2), is due to the fact that the abundant mycelium of the parasite 
forces apart the phloem and cortex cells of the host, rather than to any 
increased subdivision of the bark cells. 

On larger stems of about 2 inches in diameter, where the cankers develop 
for a longer period by reason of the fact that the stems arc not killed so 
quickly, the formation of the annual ring becomes retarded and the annual 
accretion of wood at the central transverse plane of the canker diminishes 
gradually, often in peripheral extent rather than in thickness. On stems 
of about 2 inches in diameter the loss of normal accretion is often ju^t 
about sufficient to compensate for the abnormal thickness of the diseased 
bark, so that the stem still retains a symmetrical outline; consequently 
no external indication of the abnormality, other than the diseased appear* 
ahee of the bark, appears in the stem of the tree at the point where the 
lesion occurs. 

On cankers of long standing, which usually occur on stems of two 
inches or more in diameter, there is a marked falling off in the normal 
accretion of the wood occurring simultaneously with the progress of the 
disease. It often happens that the annual ring fails to. develop enthely 
around the stem at the central point of the lesion in a ^ven year, and 
each successive ring is less extensive until finally, with the death of the 
tree or even before, none is formed. Such growth results in trees of very 
irregular outlme in cross section at the center of the lesion. 
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STEM ANALYSIS OF WHITE PINES KILLED BY THE BLISTER RUST 

Early in July a stem analysis was made on twenty-eight white pines 
killed by the blister rust. The trees dissected were located on the main 
infection area used for the study of the rate of growth of the cankers. 
Of these trees a few, also used for the growth study, had died just prior 
to the dissection study; most of them, however, had been dead for about 
a year. The tree description and infection data were made as in the 
growth study, and these data, together with the stem analysis measure¬ 
ments, are presented in table 2. 

The stem analysis measurements were obtained by sawing off the trunk 
through the center of the canker responsible for the death of each tree. 
The theoretical age of the stem at this point was obtained by a count of 
the whorls of branches down from the top. In every case this age count 
was found to agree with the check derived by a ring count of the normal 
w’ood, either above or below the canker, plus the number of nodes (usually 
only one or two) that it was necessary to go above the canker, or minus 
the number it was necessary to go below the canker to make a cut suitable 
for determining the age of the normal wood. 

The figures in the column headed “Age of wood actually formed at 
center of canker” were obtained by counting the total number of growth 
rings on the transverse section made through the center of the canker. 
As will be noted, they vary greatly according to the direction of the count, 
since, as previously stated, in old cankers the annual accretion of wood 
often fails to develop uniformly around the whole stem, and each succeed¬ 
ing ring becomes less and less extensive until finally, either with or before 
the death of the tree, none is formed. 

The figures in the column headed “Probable age of stem at center of 
canker at time of infection” could be determined in the field only by the 
appearance of the annual rings of groivth as revealed by the smoothed 
transverse section of the canker through its central point. The iiTOgularity 
of the gi’owdh rings and their impregnation with resin was found to be a 
fairly reliable index of the presence of the blister rust after it had attainod 
sufficient development to produce aecia more or less abundantly. There 
is no reason to believe that the incipient stages of the blister rusjL have 
any marked effect on the annual accretion of wood, at least none that 
would be visible macroscopically. The exact date of stem infection, of 
course, could be told only by means of a microscopic examination of sec¬ 
tions of the wood, for the presence of the mycelium. Even such refined 
procedure would perhaps not accurately establish the exact date of 
infection, for, though it is likely that the mycelium is to be found in the 
ray cells of the annual ring laid down the same season that infection took 
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place, it might spread in along the medullary ray cells for a ring or two 
towai’d the center of the stem before the death, and consequent infiltra¬ 
tion of the wood elements might occur at the point of infection. It is 
evident that the figures given for the probable age of the different stems 
at the time infection took place are but a rough index of the time when 
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Summary of a stem analysis of white pines killed hy the blister rust 
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the infection developed sufficiently on the stem to cause the annual 
accretion of wood to become abnormal. 

By subtracting the greatest number of rings actually formed at the 
center of the canker from the theoretical age of the stem at this point, 
which, as explained in the third preceding paragraph, was derived from 
a count of the whorls of branches and checked by a ring count made on 
the normal wood, either above or below the canker, and corrected for the 
loss or gain of age incurred by making the count either one year’s growth 
above or below lespectively, there will be found in a number of cases a 
difference of as many as one, two, three, and even four years. No evidence 
of any false ring foimation was detected in any of the transverse sections 
and, furthermore, the age of each stem at the point of its infection was 
checked by a count, made from the top down, of the whorls of branches. 
This difference between the theoretical and actual ages of the stem at the 
center of the canker can therefore be explained only on the ground that 
the growth of the wood around the stem had ceased in the vicinity of the 
center of infection, but that the increment continued on the stem both 
above and below the canker. It is likely that, after a certain length of 
time, the cambium about the canker was too badly weakened to make any 
further contribution to the xylem portion of the stem, or, if any further 
growth took place, it was so slight that its detection was impossible 
macroscopicaUy. Normal additions to the stem, however, continued to 
be put on both above and below the canker. From this it is evident that 
there was no complete girdling of the stem at the center of the canker. 
The power of cell division of the cambium about the canker had practically 
or entirely ceased, unless we consider the possibility of the formation of a 
secondary phloem. 

The above measurements indicate that the retention by the stem of its 
conductive power varies from one to as many as four yoai*s after the cessa~ 
tion of any material wood formation at the center of the canker before the 
death of the tree ensued. It is this cessation in the growth of the xylem 
at the center of the canker, and its continuance both above and below 
the lesion, that cause the marked constricted appearance commonly exhib¬ 
ited by infections of long standing on the older stems despite the partial 
compensation afforded by the presence of the greatly thickened bark 
covering the lesions. 

Continuing with table 2, the column marked “Years required to MU 
tree after canker spread to main stem” is obtained by subtracting the 
figures in the column headed “Probable age of stem at center of canker at 
time of infection” from that headed “Theoretical age of stem at center 
of canker.” For the reasons mentioned in the third preceding paragraph, 
this result probably is too low by at least two years. The results given. 
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however, are approximate and indicate that the white pine blister rust, 
on the larger stems at least, is a comparatively slow-working disease, 
although nevertheless a very potent factor in killing young white pines. 

The column headed “Average diameter of infected wood at center of 
canker” gives the diameter of the stem inside the bark on the transverse 
section made at the center of the canker, and, when subtracted from the 
column giving “Actual diameter” and the result divided by two, some 
idea may be had of the thickness of the bark on old blister rust cankers 
for stems of different sizes. 

BIOLOGIC BELATION OP COMPETITIVE SECONDAKY FUNGI TO THE WHITE 

PINE BLTSTEB RUST 

As was noted by Messrs. G. B. Posey and G. F. Gravatt dming their 
work at Kittery Point in the summer of 1917, a number of miscellaneous 
secondary fungi frequently play an important r61e in interfering with the 
normal developnient of the blister rust on white pine. Not infrequently 
such secondary fungi may be so rapid in their growth that they overrun 
the blister rust lesion and completely suppress the rust so that it fails to 
develop pycnia and aecia. As a general rule the blister rust lesion invaded 
by the secondary fungus becomes constricted, and often very sharply so, 
even on small stems. In general it may be said that lesions caused by 
these so-called “secondary fungi,” either alone or in combination vdth 
the blister rust, present quite a different appearance than lesions caused 
by the blister rust alone. Prom numerous observations made on the 
occurrence of these secondary fungi associated with the blister rust, it 
is evident that certain of them arc quicker and more potent agencies in 
girdling the branch or stem than the bhstor rust alone. The majority 
of them, however, are very weak parasites and only retard the fruiting 
and rapidity of the mycelial growth, 

SCOLYTID’ATTACKS BESPONSIBLE POE HASTENING THE DEATH OP WHITE 

PINES INPBCTED BY BLISTER RUST 

As a contributing cause of the acederated death of white pine trees 
infected by blister rust, the rdle of a scolytid beetle, Pityogenes kopkinsi 
Swaine,® is of considerable importance, at least in the vicinity of Kittery 
Point. On May 10 the writer first noted the presence of the adults on the 
trunks and branches of young white pines, and in a few days they were 
present in comparatively large numbera, beginning the work of excavating 

* Detennittation by Dr. A. D. Hopkins of the TJ. S. Bureau of Entomology, Wash¬ 
ington, D. 0. 
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their tunnels, which resulted in the formation of numerous little heaps of 
“sawdust” all over many of the trunks. About three weeks after this 
the insect-infested trees suddenly commenced to die rapidly. Few other 
white pines on this area died at this time. Even those practically girdled 
by the blister rust, but not attacked by the scolytids, did not die as a 
rule until mid-summer, when the transpiration pull on them was greater, 
and then death was a comparatively slow and gradual process compared 
to that of the white pines attacked by insects. A careful study of the 
effect of Pityoqenes hopkinsi in relation to the blister rust epidemic on the 
area under study showed that the attacks of this scolytid were limited 
entirely to such v hito pines as had their vitality more or less lowered by 
the presence of one or more blister rust lesions on the vital part, namely 
the trunk. In some cases the lesions had been invaded previously by a 
secondary fungus which had completely retarded the production of aecia. 
Such a relation between the general lack of \’igor of the host tree and its 
attack by this species has been indicated by Blackman (1), although the 
white pine blister rust was not mentioned as one of the causes contributing 
to the insect attack. The attacked trees were all young ones, ranging in 
diameter from 1 to 4 inches and still retaining the thin smooth bark char¬ 
acteristic of young white pines. Many of the trees attacked by the beetles 
had not then been seriously affected by the blister rust. At the time of 
their attack by the insects, several still presented a thrifty appearance, 
and, without the interference of the insects, would not have died for at 
least from one to three years. Pityogenes hopkinsi, therefore, may bo 
responsible at times for expediting the death of white pines infected by 
the blister rust. 


SUMMARY 

From the behavior of three hundred aecia under study on various cankers 
it is evident that they attain the climax of their development within loss 
than two weeks after the peridia start to open, and then begin to doclino 
rapidly. Aeciospore dissemination may be regarded as practically at aii 
end within four weeks after its start, the heaviest part being over within 
two weeks under normal conditions. 

During the period from May 1 to September 10 the vertical growth of 
the blister rust cankers, both up and down, averaged 6 inches. During 
the same period the lateral growth, both to the left and right, averaged 
2.5 inches, or one-half that of the vertical growth. It is likely that theso 
figures represent about two-thirds of the total annual growth of the blister 
rust cankers. 

Growth of the cankers during the latter part of the summer was twice 
as fMt as that during the spring and early part of the summer. It is 
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likely that the rate of growth of the blister rust on white pines is influenced 
chiefly by temperature. 

The vertical growth of the blister rust cankers, when correlated Avith 
the size of the stems on which they occurred, indicates that the larger 
stems, up to 4 inches in diameter, the greater is the growth of the eankei-s. 
There is also shown for stems of 3 inches or less in diameter a general 
tendency for the downward growth to exceed the upward growth in cankers 
falling into the same diameter class. 

A stem analysis of white pines killed by the blister rust reveals that 
infected twigs and smaller stems, up to about 2 inches in diameter, exhibit 
swelling which is proportionately greater on the smaller stems and solely 
due to the abnormal thickening of the bai‘k. In the case of cankers of 
long standing on the older stems, usually those of 2 inches or more in 
diameter, however, the stem rarely becomes swollen but usually remains 
normal in outline or, in cankers of especially long standing, becomes con¬ 
stricted. The latter often exhibit a marked diminution in the increment 
of the stem at the center of the canker, which is often compensated dor, 
in so far as the outline of the stem is concerned, by the abnormally thick¬ 
ened bark. 

In the older cankers the number of growth rings formed at the center 
of the canker may be one, two, three, or even four, years less than the 
theoretical age of the stem at this point, based on the age of the wood 
both above and below the canker. This indicates that the retention 
by the stem of its conductive power may vary from none to as many as 
four years after the cessation of any material wood formation at the 
center of the canker before the death of the tree ensues. 

A number of miscellaneous secondary fungi play an important rdlc in 
interfering with the development of the blister rust. Such fungi, which 
are mostly of the nature of weak parasites, may be so rapid in their growdh 
as to oveiTun the blister rust lesion and retard, more or less completely, 
the production of pycnia and aecia, as well as the growth of the mycelium. 

Attacks by a seolytid beetle, PUyogenes hopkifiai, wore responsible for 
expediting the death of a number of white pines infected by blister rust. 
The attacks of this beetle were limited entirely to such white pines as 
had their vitality more or loss lowered by the presence of one or more 
blister rust lesions on the trunk. 

Office op Iutvestigations in- Fohest Pathology 
Bubbau op Plant Indtjstet 
Spokane, Washington 
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A FOURTH PHYTOPHTHORA DISEASE OF TOMATO 

Donald Reddick 


Three diseases of tomato (Lycopersicon escuUntum) caused by species 
of Phytophthora have been described. These aie blight,^ caused by P, 
infestans, buckeye rot of fruit^ caused by P. terrestria, and foot rot or collar 
rot,® caused by P. cryptogea. A fourth disease caused by a species of 
PhytopMhora occurs on tomatoes giown imder glass in the vegetable 
houses at Cornell University. Plants of both wmter and spring crops have 
been somewhat affected each year for a number of years. The disease has 
been noted by several persons but has not been an object of more than 
passing study until now. 

Name. This disease has so many msmifestations that a single name is 
not comprehensive enough to include all phases. The most characteris¬ 
tic symptom is a girdling of the stem and for convenience the name stem- 
gh'dle win be used in referring to it. 

Symptoms. Briefly, the following symptoms may be noted: (a) typi¬ 
cal damping off of seedlings; (b) a girdling of stems of all ages and at any 
point, with subsequent collapse of the plant above the lesion; (o) blight of 
foliage, usually in limited areas but occasionally involving one or more 
leaflets; (d) a rapid rot of fruit; (e) gradual death of foliage from the base 
and eventual death of the plant as a result of late root infection. 

DistribuUon and losses. There seems to be no other record of the occur¬ 
rence of this disease either in greenhouses or in fields. I. C. Jaggor states, 
in correspondence, that the disease was not encountered by him in his 
rather extended inv^tigations of truck crop diseases in New York, includ¬ 
ing observations made in the greenhouses at Irondoquoit, New York, a 
region of intensive production under glass. In the houses at Ithaca the 
lo^es have been estimated at times as involving half the crop—enough to 

* Reed, Howard, S. Tomato bhght and rot in. Virginia Virgmia Ague. Exp. 
Sta. Bull. 192,16 p 1911. See aUo, Giddinga, N. J., and Anthony Berg. A com¬ 
parison of the late blights of tomato and potato. Phytopalh 9; 209-210, pi. 11. 
1919 

* Sherbakoff, 0. D. Buckeye rot of tomato fruit. Phytopath 75119-129, 6 fig. 
1917. 

* Pethybndge, George H , and H A. Laflerty. A disease of tomato and other 
plants caused by a new ^ecies of Phytophthora. Sci. Roy Dubhn Soc. 16:467- 
606, pL 46-48. 1919. 
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make commercial production unprofitable. It is likely, however, that 
other factora may be involved in this estimate, particularly the occurrence 
of leaf mold {Cladosporium fulvum) on the spring crop. 

Cause. The disease is caused by a fimgous pathogene of the genus Phy- 
tophthora. That this is true is shown by detailed experimentation, results 
of which are recorded on subsequent pages. ^ 

The fungus has been studied in some detail and has been compared in 
culture and on the natural host with P. terrestna and P. cryptogea, cultures 
of which were kindly furnished by Doctors Sherbakoff and Pethybridge, 
respectively. It seems to the writer imquestionably distinct from these 
species and in general seems more nearly related to terresiria than to 
cryptogea. When it became known that Doctor Sherbakoff is engaged in 
a comparative study of several species of Phytophthora it seemed best to 
ask him to include consideration of the stem-girdle fungus. This he has 
consented to do so that all details regarding morphology, relationship, life 
history, and so forth will await this critical study. Certain details of 
special significance from the pathological standpoint are included here. 

The peculiar swellings and distortions of the mycelium described for 
P. cryptogea are to be found regularly in cultures of the stem-girdle fungus 
in beef bouillon or beef-agar with sugar. Similarly, sporangia are pro¬ 
duced very sparingly by this fungus, but if a fairly large bit of diseased 
tissue is transferred to a poured plate a few sporangia are very likely to 
develop on the tissue but not in the surrounding medium. Also if Clin¬ 
ton’s formula^ for making oat agar is followed a medium is secured on which 
appears a luxuriant growth of mycelium with an abundance of sporangia. 
Similar development of sporangia may be secured by breaking open an 
affected fruit and holding it m a moist chamber for a few days. Sporan¬ 
gia have not been observed in nature but if an infected stem is stood in a 
flask of water for a few days, a profusion of sporangia are produced near 
the smface of the water upon and about the lesion. 

When mature sporangia are tranrferred to a drop of water, emission of 
swarm spores may be expected to begin within 10 minutes. This corre¬ 
sponds with the behavior of P. terrestria \mder similar circumstances. 
Swaiming lasts less than an hour (at 20°) and germination of the swarm 
spore by a tube follows very promptly. Under favorable conditions the 
whole process, including the production of a tube long enough to reach 
through one cell of parenchyma in a tomato stem, might require so short an. 
interval of time as from sixty to ninety minutes. 

When cultures are a few weeks old, bodies develop on the mycelium 

which have the general appearance of the “clamps” of basidiomycete my- 

* 

* Conncciicut Agric, Exp. Sta, Eept. 1909/10:760. 1910. 
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celium. These enlarge rather promptly, the protoplaFoii in the vicinity 
masses hero, the wall becomes considerably thickened and the body takes 
on the general appearance of a chlamydospore with empty tiibos issuing 
from two points which usually are not diametrically opposite. These 
bodies are in fact intercalary sporangia. They germinate by tlio produc¬ 
tion of swarm spores, the dehiscence being at one point of issuance of the 
original hypha. Germination occurs as promptly as in the case of sporan¬ 
gia produced exogenously but viability is retamed longer, at least, in 
culture. 

Oospores have not been found in natmo but have developed sparingly 
on oat agar. Then* development is not a factor in perpetuating the fungus 
in reference to greenhouse culture, since the mycelium itself remains alive 
for several weeks even on the limited amount of food contained in a tube 
of nutrient agar, and the intercalary sporangia may persist for several 
months. 

Isolation and growth. The fungus is readily isolated from diseased tis¬ 
sues. In the majority of instances it can be obtained in pure culture 
simply by removing bits of diseased tissue, with aseptic precautions, to 
tubes or plates containing a suitable nutrient medium. Occasionally, 
bacteria appear with the fungus, but this is due to the fact that the dead 
tissue is rather rapidly invaded by bacteria and that tissue too long dead 
has been transferred. The fungus grows readily in a number of media: 
nutrient bouillon, the same with 1 per cent agar, oat agar, corn meal 
agar, bean pods, and the like. Better growth is made on soft ngors than 
on hard ones. On com meal agai’ a tufted growth similar to that mode by 
JP. terrestria appears but when the two aro grown together it is found that 
the Phyiophthora of stem-girdle grows more rapidly than P. terrestria and 
does not make such pronounced tufted growUi. On beef agar with sugar, 
on the other hand, the thallus produced by the fungus resembles exactly 
Sherbakoff’s illustration of P. terrestria when grown on com meal agar. 

Inoculation and injection. Preliminary trials of inoculating young 
plants, through wounds, in tho manner described by Pethybridgo and Tiaf- 
ferty, showed that the fungus would grow rapidly in succulent tissue and 
cause the breaking over and death of young plants in forty'-oight horirs. 
In order to test plants of various ages and to determine under what condi¬ 
tions infection might be expected to occur in nature, over 100 seedling 
plants of a forcing house strain of the variety Earliana were started in Au¬ 
gust, 1919. Plants were inooulated at intervals beginning September 11 
and ending in February, 1920, the last plants inoculated being very largo 
and with mature fruit. 

As a result of the tests {t is found that, other conditions being favor¬ 
able, hi^ humidity for a period not exceeding 16 hours (shorter periods 
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not tested) assures infection. Every inoculation made in wounds on plants 
and protected by moist chamber resulted in infection. Some such inocu¬ 
lations, made on days of very high humidity, without the use of moist cham¬ 
ber were successful. Mycelium of the fungus either alone or on bits of 
agar was placed on uninjured surfaces of stem, leaf and fruit of all ages 
but infection did not occur imder any conditions. Inoculations made 
with swarm spores, however, resulted in infection on leaf, tender stem and 
on fruit. The fungus was repeatedly reisolated from artificially produced 
lesions. 

Usually, inoculations were made in two or three places on the stems— 
near the base, near the tip and sometimes at an intermediate point. Until 
the plants were 60 to 70 cm. tall the time required for the fungus to girdle 
the stem and allow it to break over was about the same. Even when the 
plants were a meter or more in height the difference in time was only such 
as could be accounted for by the greater distance the fungus must travel 
in order to girdle. All the plants were growing vigorously. Later, inoc¬ 
ulations m plants which had become hard and stunted because left in 
small pots, and in the base of large plants growing in rich soil, showed 
that the fungus is materially retarded in its progress imder such condi¬ 
tions although infection apparently occurred as readily as previously. 
Tips of large plants which were thick and succulent were girdled in char- 
acteiisticaUy short time. In all of the infection work, and in nature, it 
has been observed that the lesion almost invariably encircles the stem but 
that it does not extend vertically more than 10 or 15 cm. 

In order to test the ability of the fungus to cause damping off, two plants 
which had become affected near the surface of the ground were cut off 
and seed scattered over the sm’face of the soil in the pots. Fresh soil was 
added to cover the seeds. Practically all the seeds gciminated (30 or 40) 
but the seedlings gradually disappeared with characteristic symptoms 
of damping off and in a month a single plant remained. Subsequent test 
showed that it was not a resistant plant. The stem-girdle fungus was 
recovered from some of the seedlings that had damped off. A control pot 
showed no damping off of seedlings. 

Plants of some size when transplanted to contaminated soil may persist 
for a long time. This is readily accounted for in that the fungus does not 
move vertically for a great distance in the tissue and especially in that the 
tomato plant pushes forth new roots in abundance and on slight occasion. 
But such plants rarely produce profitable crops of fruit. 

Infection of fruit in all stages of development is secured easily by inocu¬ 
lating with mycelium in slight needle pricks or by suspending swarm spores 
in drops of water protected from evaporation. Infected fruits have not 
been observed in nature. Fruits in the same stago of development when 



532 


Phytopathology 


[VoL. 10 


inoculated with P. crypiogea, P. terrestria and the stem-girdle fungus are 
infected in about the same length of time but the latter passes through the 
fruit more rapidly. It does not produce the intense discoloration of the 
tissues caused by P. terrestria and the dai’k brown bands on the surface are 
not present. Instead the surface discolorations consist of blanched or 
light brown areas. Affected fruits fall off very easily but in one instance 
a fruit clmig until it turned dark brown all over and the fimgus passed 
back through the pedicel and caused a gh'dling of the stem. 

Natural lea& infections have not been observed either but they might be 
overlooked very easily. Artificially infected leaves wither promptly but 
in practically every instance infection is limited to the inoculated leaflet. 

Inoculation on other hosts. Pethybridge and Lafferty have produced 
disease in the following plants by inoculation with P. cryptogea; petunia, 
aster, waU-flower [Cheiranthics], Chlia tricolor, and Fagus sybatiai; also 
in potato tubers, apples, white turnips, mangels and swedes. The stem- 
girdle fungus possesses similar polyfagous tendencies. Characteristic 
pink-rot of potato tubers was secured, but inoculations on young plants 
(several trials at different times) were without result. Young plants of 
Navy pea bean were inoculated by making small slits in the stem near the 
base and inserting mycelium. Evident discoloration ensued and was 
present without appreciable enlargement until the plants matured seeds. 
Wounds in plants not inoculated calloused over without discoloration. 
Young pods of Navy pea bean were inoculated in slight injuries. In 24 
hours watery lesions were evident and in 4 days the pods were nearly de¬ 
stroyed. Lesions did not extend back into the pedicel or stem and pods not 
inoculated eventually matured. 

Leaves of squash plants {Cucurhita pepo, scallops) ready to set first 
fruit were cut off and mycelium of the stem-girdle fungus placed on the 
wounds. Surface cankers a few centimeters in length developed in 3 out 
of 4 inoculations and in the course of a few weeks the fungus was recovered 
in pure culture from the largest lesion. 

The limited experience Y^th squash, lead to some trials with cucumbers 
{Cucumis aaUvus), a plant which is commonly grown imder and not 
uncommonly in rotation with tome>to. These were not as extensive nor as 
satisfactory as could have been desired, probably because the plants wore 
not really of a forcing variety. About a dozen inoculations were made 
through wounds and under fairly satisfactory conditions, alihough the 
plants were somewhat less than 20 cm. in length and already bore flowers. 

® A canker disease of cucumbers was observed years ago at Ithaca. Seo Atkin¬ 
son, Geo. P. Canker in cucumber. In Cornell Univ. Agrio. Exp. Sta. Bull. 94, p. 
264. 1895. The organism was not definitely identified but it was thought to be 
Pyfhium deharyanum* 
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A few plants were practically girdled, a few showed no definite sign of in¬ 
fection but most of them developed a superficial lesion about the point of 
inoculation. These trials lead to the suspicion that the tomato fungus may 
persist in greenhouses on a crop grown in rotation with tomato. 

Inoculations were made on 6 young eggplants {Solanum melongena), 
each with about 8 leaves, by removing 1 leaf and applying to the wound 
mycelium of the tomato fungus which had grown for six days in com 
meal agar in a Petri dish. The plants were placed in a large moist cham¬ 
ber for 15 hom’s. In 8 days small lesions w'ere apparent on aU; and 1 
plant showed signs of wilting. A week later the stem of this plant was 
girdled, the bundles were dark, the pith neaiij’^ black and the new leaves 
entirely dead and diy. The organism was recovered pure by a transfer 
of diseased tissue to a poured plate. The remaining five plants showed 
definite sunken lesions at the point of inoculation but they continued alive 
for several weeks and were finally discarded. 

Botrytis. The description and illustrations of stem lesions in Stone’s 
account® of a new tomato disease, on account of great similarity, might be 
reproduced here in connection with the Phytopkthora disease. Consider¬ 
ing the fact that various species of Botrytis have been used in the same and 
adjacent houses in which the infection work was performed it is veiy 
remarkable that Botrytis did not appear once in any phase of the work. 

Conditions affecting occurrence and spread of stenn girdle. The climatic 
conditions mentioned by Stone® for Toronto exist also at Ithaca In 
fact, Ithaca, New York, is known to the Weather Bureau^ as one of the 
cloudiest places in eastern United States. The weak light coupled with 
artificial conditions under glass results in a tomato plant with broad leaves 
and thick succulent stems. The experiments just reported indicate that 
plants grown under such conditions are very susceptible. It is not clear, 
however, that these are nob the ideal conditions for forcing tomatocH. 

Coming to the greenhouse there are certain conditions and practices 
which favor spread of the disease. Tomato plants for the production of 
winter crops ai*e started early in the autumn, Usually some time before 
heat is required. In the same way the spring crop is being haiwostcd at a 
time when heat is no longer needed. At these times and under the exist¬ 
ing climatic conditions, humidity in the houses becomes high and remains 

* Stone, R. E. A new stem-rot and wilt of tomatoes. Phytopath. 9: 296-298, 
2 fig. 1919. 

’f Oral communication by W. M. Wilson, District Forecaster for northoastern 
United States. See also an anonymous communication; Sun sbincB sometimes, it5> 
fair somewhere. Florist’s Review, January 14, 1916, p. 9-12. The data appar¬ 
ently are compiled from Weather Bureau records but there is no indication whether 
they are for a single year or whether they are averages. 
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so for hours or even days at a time. Such conditions assm’e infection once 
inoculation has been effected. It seems evident that the Phytophthora of 
stem-girdle docs not form sporangia abundantly in nature for in spite of 
* the occurrence of conditions just mentioned, natural infection of fruit and 
foliage has not been observed. 

Natural infection on stems has been found to occur at points of injury. 
Such injuries may be accidental but most of them are an incident to the 
regular practice of disbudding or of removing waning leaves. Present 
indications ai’e that mycelium from diseased tissue or contaminated soil 
is left on the wound from the knife or fingers of the workman. 

Greenhouse conditions do not materially affect the occurrence of the 
disease on underground parts except that under such conditions the ordi¬ 
nary adversities of natm’e do not exist, so that it is likely the fungus per¬ 
sists there in greater amounts. The ability of the fungus to live on other 
hosts than the tomato also adds to the possibility of perpetuation. 

COHJSTELL UnIVEI^TY 

Ithaca, New Yobk 



RHIZOPUS INFECTION OF CORN ON THE GERMINATOR' 

J. F. Apams anp a. M. Russblij 
With Six FiauBUS in the Text 

Tlie injury of storage organs of plants by RMzopus nigricans under 
unfavorable conditions has been frequently reported. Seed infection with 
Rhisopus nigricans has been associated with certain symptoms but no 
evidence has been advanced as to the pathological histology. We have 
attempted to ascertain the manner in which this mould attacks the 
embryonic plant in the case of corn as a means of dete rm i n ing its degree 
of parasitism. 

The testing of seed corn on germinators for selection of disease free 
seed com has been an important factor for permanent com improvement. 
During tide past two years extensive genmnating tests have been conducted 
at the Pennsylvania State College in diarge of Professors C. R. Orton 
and E. L. Nkon. The germinating tests were run on a germinator similar 
in construction to that used by Hoffer and Holbert (10). During the 
progress of the work it has been observed that various types of moulds 
appeared to be a serious factor in the germination. One of the conspicuous 
and prevalent moulds under our conditions was Rhizopus nigricans. This 
fungus was very active under the favorable conditions of moisture on the 
germinator and appeared to be a serious agent in preventing the develop¬ 
ment of the seedling wherever it became established. 

In recent years this fungus has been reported as the cause of rot in 
various fruits and vegetables. It was reported by Ehrcnbcrg (S) as 
associated with the decaying fruits of mulberry, Cornelian cherry, and 
apple. The senior writer has observed it often with the decay of apples 
kept in unfavorable conditions of cellar storage. It has been reported 
causing the rot of tomatoes by Behrens (1), Wormold (18) and Hanzawa 
(6). Behrens produced infection with this fungus on pears, plums, rasp¬ 
berries and currants. Orton (13) and Hawkins (8) report it associated 
witih a soft rot or “leak” of Irish potatoes. Halsted (6), Morse (11) and 
Edgerton (2) have reported it causing a rot of sweet potato and fruits. 
The fungus is now well known in this country as causing the soft rot and 
ringrot of sweet potatoes and leak of strawberries. Halsted (4) first 

1 Contribution from the Department of Botany, Pennsylvania State College, 
No. 24. , 



536 


Phytopathology 


[VoL. 10 


associated it with the storage rot of sweet potatoes and in this connection 
it has received further investigation by Taubenhaus and Manns (17) and 
Harter, Weimer and Adams (7). Stevens and Wilcox (16) have con¬ 
ducted extensive investigations with the Rhizopus rot of strawberries and 
find that it causes a softening and rapid collapse of the strawberries. 
Stevens (15) finds that the mycelium is confined chiefly in tho outer portion 
of the berry. “The hyphae grow between the cells, separating them and 
apparently extracting the cell sap. The nuclei of the cells persist un¬ 
changed until a late stage in the breaking down of the cytoplasm. When 
the fimgus is grown on berries in a dry atmosphere, its action is somewhat 
different. The mycelium penetrates to the center of the berry, and hyphae 
are frequently found inside cells,” Taubenhaus and Manns (17) illustrate 
the intercellular character and “vigorous mycelium” of Rhizopus from 
freshly infected sweet potato. 

Fig. 1. Cross Section, Showing Portion or the Scutbllum with the Palisade 

Epithelium (P) 

Below and between the “dark line” layers (D) the mycelium (P) is shown invad¬ 
ing and separating this layer. At this point the mycelium is not shown penetrating 
this layer, while further to the right of this section it had penetrated. It is shown 
here (F) established above the “dark line” layer, and disorganizing the palisade 
of the epithelium (P). (X 500) 

Fio. 2. Gross Section op the Soutelltjm Showing a Pocket op Mycelium That 
Has Become Established in an Epithelial Gland 

The large irregular multinucleate mycelium is shown disorganizing the epithelial 
as well as the parenchymatous cells of the scutelliun. (X 600) 

Fig. 3. Cross Section, Showing Parenchymatous Cells op the Scutbllum Just 

Above the Palisade Epithelium 

A pocket of mycelium has developed, disorganizing the tissue and one of tho 
parenchymatous cells in the center is shown, penetrated by the mycelium. (X 600) 

Pig, 4. Penetration op Parenchymatous Cells op the Scutbllum 

The central host cell shows penetration by the hyphae. Plosmolysis has occurred 
and the cytoplasm (0) is seen adjacent to the hyphae. Other host cells also show 
plosmolysis of the cytoplasm. (X 600) 

Fig. 6. Peistetration op the Parenchimatous Cells op the Scutbllum 

The irregular multinucleate mycelium is shown in its method of invasion, with 
the oharaeteristio constriction where it penetrates the cell wall. Ihe contents of 
the cell on the left have disappeared. The cell to the ri^t, which has been pene¬ 
trated shows a remnant of the cytoplasm, pushed against the cell wall. (X 600) 
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The impoi’tance of this mould m seed germination has been reported 
by Hiltner (9) and Muth (12), Hiltner obscived in the germination of 
legume seeds, particularly lupine, that it was injurious to the sprout. 
In the fall of 1901 he found it especially injurious and active with the 
pot experiments in the greenhouse where the atmosphere was saturated 
with moisture. The young sprouts were kUlcd off after the appearance 
of the mould. In the experiments conducted outdoors the mould was not 
active. Muth (12) found with his extensive germinating tests of various 
seeds that Rhizopus nigricans and Cephalothedum roseum were the com¬ 
mon destructive moulds on the germinator. He states that Cephalo- 
thecium roseum was more prevalent and injurious than Rhizopus nigricans. 
Seeds of legumes and crucifers were more commonly infected than Grami- 
nae with the exception of Zea mais. Rhizopus mgricans and Saccharomyces 
glutinis were more injurious when inoculated together than separately. 

The com to be tested is placed between stcrihzcd sheets of linen upon 
the germinator and watered from above. The appearance of the mould 
occurs about the time*the radicle and plumule have broken the pericarp 
in the case of contaminated seed. From these foci it easily spreads muier 
the conditions of moisture on the germinator and thus becomes established 
and involves adjacent seedlings. In two weeks time a large number of 
seedling on the germinator may be affected. • 

With the rupture of the pericarp conditions become favorable for 
penetration of the embryo by RJiizopus, It is found with the kernel at 
this stage of development that the lateral margins of the soutcUum become 
separable from the endosperm of the seed. The mould appears to firet 
become established with the germinating seeds at this point, wliile the 
growth of the fungus is evident upon the surface. It is only with histological 
preparations that early infection is to be recognized. No internal symp¬ 
toms are found on cutting embryos at this stage of development. Internal 
symptoms first become evident about the seventh day, when on cutting 
such seedlings a slight browning of the dorsal surface of the soutellum is 
seen. With further development of the embryonic plant a conspicuous 
blackening of the soutellum is found. This condition is evident by the 
tenth day. Along with the blackening of the scutellum further evidence 
of the infection is seen in the darkening of the vascular system of tho 
cauline roots as well as the central stele. These intemal symptoms arc 
shown in text figure 6, which shows sections of infected kemek. Tlioso 
seeds were disinfeeted with corrosive sublimate (1:1000), placed in a 
moist chamber and inoculated with a sprayed suspension of ^ores of 
RMzopus mgricans. They were removed and sectioned at tho end of 
twelve days. These internal sjrmptoma appear stmikr to Hoffer and 
Holberts (10) figure (1.5, 16, 17) illustrating corn rot althou^ tho exact 
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cause of tbeir symptoms is not mentioned. These authors however 
mention Hhizojivs as one of the harmful organisms in connection with 
their com loot lot studies. 

The lesiilt ol mf eel ion upon the plumule is evidenced in Ihc weakened 
coiuhlion and j^ellowed color ol the slioots. Wheic the fungus grows 
up on the shoot a browning of the tissue and collapse of the shoot results. 

For studying the pathological histology of the infected embryos material 
was fixed m Flemmgs oi Petrunkewitsch Idller and dehydrated in the 
usual way. Sections ivere cut 8 g tluck and stained with Fleming’s 
tiiiile which the fungus is well differentiated from the host tissue with 
its chaiacteiistic multiiiucleated protoplasm. 



Fig G. ArPEiRVNCE of iNrECTED Corn Kernels Cut \t Embryo End to Snow 

Intern \L Symptoms 

A liUiokcning ot the scutellum as well as discolorntion of llic stole i& evident. 
Tiicse koniels weie disinfected and moeukited with a suspension of J2/i<-opu.s spines 
in a moist chainhei At the end of twelve days they were lemoved and suctioned to 
show the above s.ynipt(uns 

As the fungus bi'comes eslabhslied between the (‘iidospenu and dorsal 
epithelium of the scutellum it develops a thiek interlaced mass of mycelium. 
This mass appeal’s to act as a wedge in separating the (*mbryo from the 
endosperm. The apparent mass action on the part of Rhisopus nigricam 
results eventually in completely separating the scutollimi from the endo¬ 
sperm as cross sections through the embryo show a weft of mycelium 
completely covering the cpithcHum of the scutellum as shown in figure 6. 
The mycelium more distant from the epithelium becomes disorganized as 
only remnants of the mycelium void of protoplasmic contents are found. 
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Covering ilie dorsal opdhelinin is a <lark layer often appearing iu throe 
strata. This ]ay(T ai)pears to he similar to what Sargant and Robertson 
(14) refer to as the “dai'k line” ap])earanc(‘ due to a viscous seeretiou from 
the ei)it]ielium <‘ells. In some instance's tla* mycelium acts as a wedge 
iu separating this layer as sliown in figure (> or appears to ])enetrate it, 
directly. After peiK'trating this layer the iiext re.sistance is found in tlie 
l)ali.sado layer of epithelium cells. The mycelium often pushes througli 
lietween these cells into the inner tissues of the scutellum. 

In the majority of cases the mycelium l)ccomca established in the tissue 
of the sciilcllum by way of the glands. The glands are scattered over 
the whole surface of the epithelium cxce])t where it covers the top of the 
scutellum. These glands apparently allow for easy peiudration of the 
tis.sue. Sections through tlu' glands .show th(‘m tilled with th(‘ int(‘rlwined 
mycelium and they ap]K'tir as “pockets of mycelium” as .shown in figure 
2. Exteusive pockets may also be formed in ca.ses wlu're tlie hypliae 
have imshed between the epithelial cidls at iioints wlu're the glands are 
absent. From these iioints of penetration tlu' myi'elium usually ramilies 
as single .strands. The parenchymatous cells of tlu' scutellum an* rich 
in stored food wliich appears to afford favorabk' conditions througli 
which the fungus can ramify. In some instances the host ei'lls an* ('iigiilfi'd 
by the myeeliiun and show a conspicuous plasmoly.sis as the rc'SuUant. 
effect of the fungus. The lateral vascular bundles are found surrounded 
liy the hyphae as well as disorganized. All the cells of the eiiitliclium 
appear plasmolysed where the mass of nijTolium comes in contact with 
them. 


Penetration of host cells bj' RhizopuH nigricans has bei'U shown for 
disinicgi’ated host cells of strawbcriy by Stevens (15) and of sweet, potato 
by Taubenhaus and hlanns (17). We hav(‘ commonly found penetration 
of active liost colls in the tissue of the scutellum. Vario’us stages iu 
penetration of ho.st cells is showni in figures 8, t and 5. At the point of 
cell wall penetration the mycelium is coustiicted in some cas(‘s although 
in many instances it ha.s penetrated the c(‘ll wall wit,hout any apparent 
constiiction. The plasma membrane is not, pemdrated but ])u.sh(‘d ahead 
of the hjiihaandin advanced stages the iiroloplast appeal’s const rieted 
and disorganized. 

A typical necrotic symptom is associated with the growth of Rhizopns 
nigricans on the roots and plumule. These affected parts wore fixed’and 
sectioned hut the preparations failed to disclose the hyphae penetrating 
the active growing tissue but the epidei’mal and some of the cortical 
cells were plasmolysed. In the case of the root cap the outer cells were 
found disorganized by the h>T)liae which had not deeply invaded this region. 
The abundant growth of the fungus on these parts is iwaociatoil with a 
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satiu’ated atmosphere of moisture as found in the germinator or moist 
chamber. 

The intercellular hyphae show considerable variation in size as they 
ramify through the‘tissues of the scutellum. The hyphae outside the 
host are much smaller. The intercellular mycelium appears more vigorous 
possibly because of its being in better relationship to the nourishment 
which is extracted from the host cells. This apparent enlargement 
may be caused by the mechanical resistance which prevents normal elonga¬ 
tion resulting in the consequent thickening. The following measurements 
indicate the variations in width of hyphae outside and within the host 


tissue: 

Aierage 

Hyphae from agar plants. .9 a* 

Hyphae in tissue external to scutellum.10 /t 

Hyphae within tissue of soutehum.17 ja 


The scutellum is that part^ of the embryo directly infecl^d by Bhizopus 
nigricans. During the germinating stage of the kernel the scutellum is 
important in nourishing the developing epicotyl and hypocotyl as well 
as relating them to the food supply of the endosperm. The infection of 
the scutellum prevents its normal functioning. The resultant effect is 
evident with the retarded growth, under-developed shoot and sub-normal 
color of the leaves. The infection by Bhizopus nigricans being restricted 
to the scutellum in the case of com is further evidence that this fimgus 
under favorable conditions may become parasitic upon parenchymatous 
tissue rich in food. 

The sources of fungi and bacteria developing on the germinator has 
been discussed by Muth. His conclusions in this respect are indicated 
in part as follows: 1. Typical parasites established in or upon the seeds 
in the field. 2. Fungi and bacteria brought in upon seed and harmless 
in the field but becoming parasitic under conditions unfavorable to the 
seed such as occurs on the germinator. 3. Moulds from the air such as 
RMzopus, Penicillium,'^Mucor, etc. 4. Fungi and bacteria naturally in 
water and those in sand and on apparatus. 

It has been observed that fungi and bacteria present though harmless 
in the field will appear destructive on the genninator and thus be a factor 
in deter m ini n g normality of germination. Eliminating the possibility 
for developmeut of such specips of fungi will give a better index of seed 
viability and produce better evidence of iiffection within the seed. In 
the ease of Bhizopus nigricans this fungus is so ubiquitous that there are 
numerous sourtses for contamination of seed com from the time the com is 
harvested until it is tested upon the germinator. We have found that this 
contamiaation as well as that of various other fungi appearing on the 
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germinator may be eliminated by seed disinfection and thus give a better 
index to normality of germination. Also by this method the presence of 
infection within the seed is now accurately determined. In our tests wo 
have secm'ed satisfactory results by soaking com for three minutes in a 
1:1000 solution of corrosive sublimate. By this means we have been 
able to hold in check the development of any contaminating organisms 
on the seed in the geiminator as well as moist chamber. Where any 
fungus growth appeared or was associated with lack of gciminalion the 
e\idence indicated the presence of infection within the seed. A similar 
method for determining the presence of infection within the seed of legumes 
was used by Hiltner (9). This investigator sterilized seed for ten to 
twenty minutes in a 1 to 2 per cent solution of corrosive sublimate and 
then in absolute alcohol which was burned off. Infection within the 
seed was then determined by planting parts upon gelatin. 

State College, Pennsylvania 
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The Crop Protection Institute. On Juno 23 there was held at Rochester, 
New York, a meeting at which thirty-two delegates from the monufac- 
turem of fungicides and insecticides, the National Research Council, 
the American Association of Economic Entomologists, and the American 
Phytopathological Society were present for the purpose of considering 
the feasibility of forming an association or organization of these respec¬ 
tive interests to promote cooperative efforts. The meeting was called to 
order by Dr. P. J. Parrott. Dr. H. E. Howe of the National Research 
Council was elected chairman and Dr. G. R. Lyman, secretary. Definite 
action was taken by nominating an organization cpmmittee representing 
the fom.’ interests present. This committee drew up tentative articles 
of organization for a Crop Protection Institute, which were presented 
before the delegates present and adopted with certain recommended 
changes. The meeting was adjourned subject to the call of the chair¬ 
man, after it was voted to call a meeting later for the purpose of adopting 
articles of organization. 

On October 28 a meeting was called by Chairman G. R. Cushman and 
held in the offices of the National Research Council, Washington, D. 0., 
Dr. H. E. Howe of the National Research Council presiding. At this 
meeting questions of purpose and policy were discussed and the former 
committee met and revised the tentative articles of association. These 
were then presented in open meeting and sepai’ately and coUootivoly 
adopted. 

The administration of the Crop Protection Institute Is placed in the 
hands of a Board of Ti*ustees consisting of thiiieen members, throe to be 
elected by the American Association of Economic Entomologists, three 
by the American Phytopathological Society, two by tho Association of 
Official Agricultural Chemists, one by the National Research Council, and 
four by the manufacturers of fungicides and insecticides, machinery, and 
allied lines of industry. A director may be enaployed at the discretion 
of the Board of Trustees, 

The constitution provides for four classes of membership: (1) Honorary, 
(2) Industrial, (3) Associate Industrial, and (4) Scientific. To the 
membership dues the mdustriai members pay $100 annually, associated 
industrial $10.00, and scientific members $1.00. Honorary membership 
is gratis. 
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The purpose of the Institute is: 

(1) “To promote the general welfare through the efficient control of 
injurious insects and plant diseases affecting all economic and ornamental 
plants and their products.” 

(2) “To promote efficient control of insects and plants injurious to 
man, animals, and animal products.” 

(3) “To support and direct research upon other problems of similar 
nature.” 

(4) “To further cooperation between entomologists, scientific workers, 
plant pathologists, and the manufacturers of insecticides, fungicides, and 
similar materials, and the manufacturers of appliances required for their 
use.” 

(5) “To assist in the dissemination of scientifically correct information 
regarding the control of injurious insects and plant diseases.” 

“Any funds required for the pursuit of specific scientific or educational 
projects or for other purposes shall be secured, received, and allotted by 
the Board of Trustees. No assessment shall be levied upon the industrial 
membei-s except upon approval of the Board of Trustees and a majority 
of the industrial members of the Institute.” 

“Any member of the Institute shall have the right to suggest as many 
problems as may be of interest, and with those suggestions before them 
the Executive Board wfil dotennine the scientific work to be carried out 
at the expense of the Institute. The results of such work shall be made 
available to aU members of the Institute and generally published.” 

“If the problems suggested cannot be recommended by the Board of 
Trustees for investigation at the expense of the Institute, the member or 
group of members presenting the subject for research may still arrange 
with the Board at its discretion to have the undertaking cairicd on at his 
or theii* cost, this cost to be determined by the Bomd of Trustees. Pub¬ 
lication of results are to be at discretion of Board.” 

“The published work of the Institute may bo placed either iu existing 
journals or in a special publication as may later be doLerminod by the 
Institute.” 

Temporaiy appointments to the Board of Trustees wore made pending 
regular' election by the separate organizations represented in the member¬ 
ship. These elections wfil be effected by the scientific membership at 
their next annual meeting. Correspondence concerning the Crop Pro¬ 
tection Institute should be addressed to Dr. H. E. Howe, Secretary, 
National Research Council, Washington, D. C., or Prof. W. C. O’Kanc, 
Temporary Chairman, Durham, N. H. 


0. R. Orton 
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P&rsmials, Dr. W. B. Brierley, Mycologist, Rothamsted Experimental 
Station, Harpendcn, England, and Professor Etienne Foex, Director of 
the Station dc Pathologic V4g<5tale, Paris, France, accepted the invitation 
of the American Phytopathological Society to attend its field conferonop 
on fruit diseases, held in the Shenandoah Valley of Virginia and Wosi 
Virginia and the Oumberland Valley of Maryland and Pennsylvania, 
August 3 to 6. 

Following the field conference, both Doctor Brierley and Professor 
Foex visited a large number of institutions in the United States, con¬ 
ferring with plant pathologists regarding the pathological investigations 
in this country. Professor Foex sailed for France Septembers. Doctor 
Brierley sailed for England October 9. 

Dr. C. D. Sherbakoff has accepted the position of pathologist at the 
Tennessee Agricultm’al Experiment Station. 

The following officera of the Pacific Division of the American Phyto- 
pathologieal Society have been elected and will hold oflSce for two years: 
President, Dr. H. S. Reed, Riverside, California; Vice president, Dr. J. W. 
Hotson, University of Washington, Seattle; Seo'etary-Treasurer, Dr. S. 
M, Zeller, Oregon Agricultural College, Corvallis, Oregon. 
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Amaud, Gabriel. Une maladie bact^rienne du lierre (Hedera helix L.) Compt. 
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Paulo] 21; 228-311, iUus. Ap./My. 1920. 

References in footnotes, 

Molestias do algodoeiro encontradas no estado de S. Paulo; Molestias .dos 
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- Molestias da laranjeira. Bol. Agr. [S£o Paulo]21; 220-222. Ap./My. 1920. 

Bacterium gummie, 

- Molestias do cafeeiro. Bol. Agr. [Sdo Paulo] 21; 214-219. Ap./My. 1920. 

Dematophora necatriz, 
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Oommentationes mycologicae. I. Jour, Dept. Soi, TJniv. Calcutta 1 (Bot.): 
1-4, pi. 1919. 
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Bessey, Einst Athearn, and Thompson, Bertha E. An undcscribed Genea from 
Mirhigan. Mycologia 12 : 282-28^), pi. 20. S. 1920. 
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Corrientes, Imprenta del Estado. 1917. 
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Earle, Franklin Sumner. The year’s experience with sugar-cane mosaic or yellow 
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Fawcett, Howard S. Pythiaoystis and Phytophthora. Phytopathology 10 : 397- 
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Kawahaxui, Eoichiro, and Yoshida, SueMko. Bacterial gall on Milletia plant 
(Bacillus milletiae n. sp ) Bot Mag. [Tokyo] 34:110-116, pi. 2. Jy, 1920. 
Killian, Karl. Uber die Sexualitat von Venturia inaequalis (Cooke) Ad. Ztschr. 
Bot. 9 : 363-398, illus 1917 
Liteiaturubersicht, p. 395-398. 

Landi, Raffaele. Tumori o galle del colletto e delle radici delle piante fruttifere 
(crown-gall), Riv. Patol. Veg. II, 10 : 87-96, pi. 1-4. My. 1920. 

Laubert, Richard. Eine noch zu wenig beachtete Krankheit des Steinobstes. 
Deut. Landw. Presse 47: 402. Jy. 17, 1920. 

• Fmicladium cerasi (Acrosporium eerasi or dadosporium carpopMhm). 
Laupert, Bruno. Einige Worte uber Steinbrandbekampfung. Dout. Landw. 
Presse 47 : 435-436. Ag. 4, 1920. 

Lehman, S. G. Penicillium spiculisporum, a new ascogenous fungus. Mycologia 
12 : 263-274, pi. 19. S. 1920. 

References, p. 273. 

Ldpez Dominguez, F. A. Has “yellow stripe” or “mottling” disease any effect on 
the sugar content of cane juice? Jour. Dept. Agr, Porto Rico 8, no. 4, 47-64, 
6 fold. tab. 0. 1919 [S. 1920]. 

Lopriore, Giuseppe. Degenerazione della patata. Ital. Agr. 67:206-207. Jy. 1020. 
Lddi, Werner. Untersuchung mit Aecidimn aconiti napelli. (Abstract.) Mitt. 
Natuif. Gesell. Bern 1917: xxxvii. 1918. 

Teleutospore form on F&siuco, rubra var, commvtata constituting new species, 
Pucdnia aconiii-rvhrat or P. aconiti-ndtrae commidalae. 

-- Untersuchungen mit dem Aeoidium aconiti napelli (DC) Wint. Mitt. 

Naturf. Gesell. Bern 1918; 200-211, illus. 1919. 

Well defined teleutospore form, for which the author proposes name Pucdnia 
aconiti rubrae. 

Luijk, A. van. Gloeosporium ribis (Lib.) Mont, ct Desm. Meded. Fhytopath. 
Lab. Willie Oommelin Scholten Amsterdam 4: 22-24. My. 1920. 
Literaturverzeichniss, p. [25]. 

McCubbin, William A. The seed potato question. Seed World 8; 24-26, illus. 
S. 8, 1920. 

M^inney, H. H. Scientific name of potato scab. Potato Mag. 2, no. 12:13. Je. 
1920. 

Macklzmon, Bwen. Crop losses. Sci. and Indus. Aust. 2:398-407, illus. Jy. 1920, 
Macmillan, Howard Gove. A frost injury of potatoes. Phytopathology 10: 423- 
424, pi, 18, S. 1920. 

Manaresi, Angelo. Alcune osservazioni sulla “Monilia” del melo, Riv. Patol. 
Veg. II, 10:73-86. My. 1920, 

Biblxografia, p, 85H36. 
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Manaresl, Angelo. Sui daiini prodotti ai fioii dcgli albcri fruttifori dalle gelalc 
primaverili in generc o da quelle lu parlicolarc del ftu)rni 2S, 29 c IJO uuirzo 1918. 
Riv. Patol Veg II, 10: 1-26 Jo. 1919. 

Bibliogiaphia, p. 25-26. 

Matz, Jtilius. La goinosib de la calia. Rev. Agr. Puerto Rico 6> no. 1: 21 2(1, pi. 
Jy. 1920. 

B(ule} iuni vascularuiu 

- La gommosis de la caiia de azucar. ESlae Expi. Insular Porto Rico (’ire, 

20, 7 p., col. pi. 1920. 

- Gumming disease of sugar cane in Porto Rico. Phytop.athology 10; 129 

130, illus. S. 1920. 

Bacterium, vaacularwn. 

- Infection and nature of the yellow sliipe disease of cane (mosaic, molt ling, 

etc.) Jour Dept. Agr. Porto Rico 3, no. 4: C5-82, illus. O. 1919 [R. 1920]. 

- Pudricidn do la base de la “rosolle.” Bcv. Agr. Puerto Rico 6, no. 1:18- 

20, illus Jy. 1920. 

Phytophihora lerredria, 

Meinecke, Emilio Pepe Michael. White pine blister rust. Mo. Bui. Dept. Agr. 

State California 9 : 270-276. Jy. 1920. * 

Moll, Friedrich. Untersuphungen uber Gesetzmassigkeiten in der ITolzkonscr- 
vierung Die Giftwirkung anorganischcr Verbindungen (vSalzc) auf Pilssc. 
Centbl. Bakt [etc.] II, 61; 267-279. Jy. 1920. 

Montemartini, Luigi. Giovanni Briosi. Riv. Patol. Vcg. II, 10; 33-36. F. 1020. 

- Pier Andrea Saccardo Riv. Patol. Vog. II, 10; 49-50. My. 1920. 

Murphy, Paul A., and Wortley, E. Jocelyn. Relation of climate to tho dovolopmout 
and control of leaf roll of potato. Phytopathology 10; 407-414. S. 1920. 
Literature cited: p. 414. 

Rational Research Council. Division of Biology and Agriculture. Committee on 
Plant Pathology. Memorandum on a proposed plant disease service bxircau 
[and on a proposed Institute of research in tropical America]. 12 loaves., 
Washington, D..G , 1920. 

Multigraphed. 

Ranmaan, Amo. Zehn Jahre amerikaaischen Htachelbeermehliaus in Saeliscn. 
Kritische Darstollung der Verbroitung und der Bekampfung dossclben nebst 
einer Verbreitungskarto, Ztschr. Obst- u. Gartcnb. n. F. 46:18-22, illus. (map). 
F. 1920. 

RofEray, E. Le blanc des trdflos. Jour. Agr. Prat. 84 (2): 74-76. Jy..22, 1920. 
Mryhiplie communis, 

Rorton, John Bitting Smith, and Chen, C. C. Another com seed parasite. Science 
n. s. 62; 250-261. S. 10,1920. 

iOospora verticillmdes; fCephalosporiim saccharic ?Fu8anm mcmiliformc. 
-Some methods for investigating internal sood infection. Phyto¬ 
pathology 10 : 399-400. Ag. 1920. 

Opitz. Fusariumbefall und Auswinierung verschiedener Wintorweizensorten. 

Mitt. Deut. Landw. Gesell^ 86 : 488-489. S. 4, 1920. 

Osterhout, Winthrop John Van Leuven. The mechanism of injury and recovery. 
Journ, Gen. Physiol. 8; 15-20. S. 1920, 

Pantanelli, Enrico. Contribute alia biolo^a della Peronospora della vite, Riv. 
Patol. Veg. II, 10:61-72. My. 1920. 

Autori oitati, p. 71-72, 
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Peluffo, Agustin Trujillo. El Oidium y modo do combatirlo. Defensa Agr. Uru¬ 
guay 1; 120-121, 141. My.-Jc. 1920. 

Ferret, Claude. La degi^norosconce des pommes do terrc. Diagnostic des diverses 
fonnoH. Vic Agr. ot Kur. 17: 105-110, illus. Ag 14, 1920. 

Fetch, Thomas, llypocroaccac zcylanicac. Ann Jloy. Bot. Gard. Peradeniya 7: 
86-138. My. 1920. 

Fethybridge, George Herbert, and Lafferty, H. A. Investigations on flax diseases. 
Jour. Dopt. Agr. and Tech. Inslr. Ireland 20 : 325-342, 3 pi. 1920. 

1. Seedling blight, Colletotrichum Unicolmn (P. & L.); 2. Browning, Oloeo- 
sporiuvi sp.; 3. Bust and firing, Melcmvpsora Uni (De&m.); 4. Yellowing; 6. 
Dead stalk caused by Phoma, Botrytis and Fusarium; 6. The flax flea-beetle; 

7. Flnx-doddcr. 

Petri, Lionello. Di alcuni applicazioni pratiche della iitopatologia agli alberi 
forestali cd ai loro prodoUi. L’Alpo IT, 6: 125-136, illus. 1919. 

Control of damping-olf of couifeious seedlings 
Ravaz Louis. Rcchcrches sur le traitement et le ddveloppement du mildiou I-IV. 
Prog Agr. tii Vit. 68 : 629-531, 577-681, D. 2, 16, 1917; 69 : 26-29, 73-76, 121-125, 
illus. Ja. 13, 27, F.IO, 1918. 

Rodda, T. E. Control of brown-rot on poaches. The past season’s experiments at 
Aralaki, New Zeal. Jour. Agr. 21: 20-23. Jy. 1920. 

Rolet, Antonin. Traitement simultan6 do la cochenille de la fumagine et du Cyclo- 
conium des Oliviers. Jour, Agr. Prat 148:413-416. Jo. 19, 1919. 

“Les deux mixtures [sulfate de cuivre, bouillie savon-p6prole] rdunies dans 
la m6me dilution aqueuse, ont 6td fort recoramanddes. . .” 

Rorer, James Birch. The watery or Monilia disease of cacao pods. Agr. News 
[Rarbadoes] 19: 142-143. May 1, 1920. 

“The description is derived from a handbook on the diseases of cacao in 
Ecuador ... by Mr. Rorer.” 

Rosenbaum, Joseph. A Macrosporium foot-rot of tomato. Phytopathology 10: 
416-422, illus. B. 1920 
M, solani E. & M. 

Schlumberger, Otto. Pflanzensohutz und sortenfrage im kartoflelbau. Fvihling’s 
Landw. Ztg. 69:144^149. Ap. 1/16, 1920. 

Scott, C. Emlen. A preliminary note on the germination of Urophlyctis alfalfae. 
Science n.s. 62 : 226-226. S. 3, 1920. 

Smyth, E. Graywood, Insects and mottling disease. Jour. Dept. Agr. Porto Rico 
3, no. 4, p. 83-116. 0. 1919. [S. 1920]. 

A bibliography of insect-borne diseases of idanta, p. 112-llC (“This list 
, , , . includes only the more important recent writings on insect trans¬ 
mission of diseases occurring in America”). 

Sordina. Influence de la sdoUeresao ot du champignon Alternnria sur la pommo do 
terre. Prog. Agr. et Vit. 69; 131-134, illus. F. 10,1918. 

Sosa, H. A. Como evitar las enfermedatles on las plautas. Dofensa Agr. Uruguay 
1; 141-144. Je. 1920. 

Steppes, Rudolf. Dio Blohlenhcmio und ihre Bekfliupfung. Illus. Landw. Ztg. 37: 
313-314. Je. 16, 1017. 

Strong, Lee A. Terminal inspection of plant products in the mails. Mo. Bril. 
Dept. Agr. California 9:231-246, illus. Jy. 1920. 

A record of mail shipments of plant products intercepted and disposed of at 
interior points of*entry by state quarantine guardians, fiscal year, 1919-20, p. 
286-239. 

Discussion, p. 240-245. 
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Suematsu, Naoji, and Kuwatsuka, Kikuji. Studies on. the varietal resistance of the 
peach to artificial inoculations with Gloeosporium laeticolor Berk. Ann. 
Phytopath Soc. Japan 1, no 3, p. 1-12, Ulus. 1920. 

Literature cited, p. 11-12. 

Sundbert, Roberto. Causas y siutomas de cnfermedades on las plant as. Dcfensa 
Agr. Uruguay 1: 131-133, 160-163 Je-Jy. 19‘20, 

Taubenhaus, Jacob Joseph. Diseases of grains, sorghums and millet, and their 
control in Texas. Texas Agr. Expt. Sta. Bui. 261, 34 p , illus. 1920. 

- Diseases of greenhouse crops and their control. . . xv, 429 p., pi. New 

York, [1920]. 

- Wilts of the watermelon and related crops (Fusarium wilts of cucurbits). 

Texas Agr. Expt. Sfca. Bui. 260, 50 p., illus. 1920. 

Literature cited, p. 49-50. 

Tochinai, Yoshihiko. Studies on the food-relations of Fusarium lini. Ann. Phy¬ 
topath. Soc. Japan 1, no. 3, p. 22-33. 1920. 

Bibliography, p. 31-32. 

Van der Bijl, Paul Andries. A list of host-plants of some of the Loranthaceae 
occurriug around Durban, Natal So Afr. Jour. Sci. 16:344r-347. Ja. /Mr. 1920. 

Vaughan, Richard E., and Walker, J. C. Onion smut. Wisconsin Hort. 10: 133- 
146, illus. Ap. 1920. 

Westerdijk, Johanna, and Luijk, A. van. Die Gloeosporien der Eichc und dcr Pla- 
tane. Meded. Phytopath. Lab. Willie Commelin Scbolt. Amsterdam 4; 3-21, 
illus. My. 1920. 

. Literaturverzeichniss, p. [21]. 

- - Die kunstliche Kultur von Phomo-Arten. Medod. Phytopath. 

Lab. Willie Commelin Scholt. Amsterdam 4 : 26-30. My. 1920. 

Litteratur, p. [30]. 

-Phytophthora erythroseptioa Peth. ale Parasit von Atropa bella¬ 
donna. Meded. Phytopath. Lab. Willie Commelin Scholt. Amsterdam 4: 31- 
32, illus. My. 1920. 

Western Plant Quarantine Board. Proceedings of the 2d convention, May 1920. 
Mo. Bui. Dept. Agr. California 9, no. 7, Jy. 1920. 

The Western plant quarantine board was formed at the First Interstate plant 
quarantine oonferonoe held at Bivorside, May, 1919. The proceedings of this 
conference seem to be considered the 1st proceedings of the Western plant quar¬ 
antine board. 

Whetzel, Herbert BBce. [Report of the Department of] plant pathology. 32d 
Ann. Rpt. New York State Col. Agr. and Agr. Expt. Sta. 1919; xxxix-xli. 1020, 

Wilson, James Kenneth. Device for growing large plants in sterile media. Phyto¬ 
pathology 10: 426-429, illus. S. 1920. 

Literature cited, p. 429, 

Wilson, Orville Turner. Orown-gall of alfalfa. Bot, Gaz. 70; 61-68, pi. 7-10. 
Jy. 1920. 

Literature cited, p, 65-86. 

Author fails to discover character of geniis TJrophlyotis in this study of Cf. 
alfalfas —does not propose new classification at present. 

W8ber, A. Die fungizide Wirkung der versohiedenen Metalle gegen Plasmopora 
viticola Berl. et de Toni und ihre Stellung im periodischen System der Elemente. 
Ztsohx. Pfianzenkrank 80; 61-69. 1920. 

Literature in footnotes. 

4 

ppHTTOPATHOLOGY for November (10; 466-612) was issued November 
23, 1920.1 
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Abies balsamea, 388 

Abnormal growth induced by chloral 
hydrate soil treatment, 334 
Abstracts of papers presented at Elev¬ 
enth Annual Meeting of the American 
Phytopathological Society, 51-68; at 
First Annual Meeting of Canadian 
Branch, American Phytopathological 
Society, 314-319 

Acer, circinatum, Cytospora on, 443; 
glabrum, Cytospora on, 443; rubrum, 
Cytospora on, 443 
Achrae sapotae, 391 
Aohras zapota, 383 

Acid, citric, effect on Puccinia graminis 
tritici, 448 

Actinomyces scabies, 63 
Adams, J. F., and Russell, A. M., 
Rhizopus infection of com on the ger- 
minator, 535-643 

Advisory Board of American Plant Pa¬ 
thologists, Washington meeting of, 257 
Aeciospores of Oronartium ribicola, 
spread of, 368 
Alfalfa, crown wart, 65 
Alkali, relation of to ooUar-rot, 476 
Altemaria, fasoioulata, 20; soloni, insect 
transmission of, 209; on tomatoes, 59 
American Phytopathological Society, 
report of Eleventh Annual Meeting, 
266-271; report of meeting of Pacific 
Coast Division, 351-352; report of 
Southern Division meeting, 381; sum¬ 
mer field meeting of, 496 
Annual general meeting of the Associa¬ 
tion of Economic Biologists, 254-256 
Anthracnose, of sweet peas, transmission 
of, 198; of vanilla, 341 
Aphelenchus cocophilus, 401 
Aphids, relation to potato tip bum, 61 
Aplanobacter stizolobii n. sp., 75 
Apple, bitter rot, insect transmission of, 
201; black rot, 453; blotch, spraying 


for, 58; blotch and bitter-rot cankers, 
353; canker, mscct transmission of, 
197, 208; collar rot, 465; scab, control 
of, 58; slime flux, 58 
Arceuthobium pusillum, 317 
Armillaria mellea, 466, 469; on Azalea, 
376; on Rhododendron, 375 
ALTsenical poisoning, 466, 474, 477 
Arthur, J, C. Two destructive rusts 
ready to invade the United States 
(abst.), 65 

Ash, mountain, see Sorbua 
Aspen, diseases of, 141; trunk troubles 
of, 143; twig troubles of, 143; see also 
Populus 

Atwood, Alicd G , and Smith, Flor¬ 
ence P. Literature on plant diseases, 
69-71, 112-117, 181-184, 269-263, 309- 
313, 344-350, 377-880,403-405,431-434, 
460-464, 606-612, 547-664 
Azalea, shoe-string rot of, 375 

Bacillus, amylovorus, 466; amylovorus, 
insect transmission of, 192; cloacae, 
490; coli, 494; cell, insect transmission 
of, 214; subtilis, 494; tracheiphilus, 
insect relations of, 133; tracheiphilus, 
insect transmission of, 210 
Bacterial blight of soybean, 68,119 
Bacterium, aptatum, insect transmisbion 
of, 203; compostre, campestre, 
insect transmission of, 196; malva- 
coarum, insect transmission of, 203; 
savastanoi, insect transmission of, 
212; sojac, 79, 120; solonacearum, in¬ 
sect transmission of, 195; tumefaoiens, 
387 

Bain, Samuel McCutchbn, biographi¬ 
cal sketch of, 185 
Banana wilt, 504 

Barley, leaf spot, 317; resistance of to 
Rhynchosporium, 64; stem disease, 
317; streak, 317 
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Basidia, shape of, in Uredineao and 
Hymenomycotes, 315 
Beach, F. n., see Stover, W. G. 

Bean, heat injury to, 305; inheritance of 
disease resistance in, 319; mosaic, 317 
Beet, leaf spot, insect transmission of, 
203 

Beetle, seolytid, relation to white pine 
bl ster rust, 624 

Bell, Albert Thomas, biographical 
sketch of, 373 

Bennett, G. W., Phoma root-rot of 
cefery (abst.), 67 

Berberis canadensis, Puccinia graminis 
on, 306 

Biogar, H. Howard, see Holbbrt, J. R. 
Biographical sketch of, Bain, Samuel 
McCutchen, 185; Bell, Albert 
Thomas, 373; Farlow, William Gilson, 
1; Kawakami, Koichiro, 459 
Biologists, economic, annual general 
meeting of the association of, 254 
Bitter-rot cankers, apple, 363 
Black leg, cabbage, occurrence and con¬ 
trol of, 64 

Black rot, apple, 463; cabbage, seed 
transmission of, 175 

Blair, R. J., Decay in the timber of 
pulp and paper mill roofs (abst.), 314; 
Wood-destroying fungi in pulp and 
paper mill roofs (abst.), 61 
Blazing trees, pathological effect of, 371 
Blight, cedar, 249; chestnut, insect 
transmission of, 201; early, on tomato 
fruit, 9; resistance of chestnut to, 368; 
snapdragon, 232 

Blister rust, white pine, 177; behavior of 
pyonia and aeoia of, 515 
Blossom blight, peach, 64 
Blotch, apple, 363 
Blue grass, rusted appearance, 317 
BoU d&ease, internal, of cotton, trans¬ 
mission of, 198 

Bonar, Lee, Wilt of white clover due to 
Braohysporium trifolii, 485-441 
Bowjis, J. OoRTWYN, Raising Phloem- 
nttorosm- and mosaicnfree potatoes, 
mxd a source of infection whose nature 
has not yet been eluoidated, 48~49 


Bolrysphaeria ribia, insect transmission 
of, 198 

Botrytis sp., 317, 533; on tomatoes, 498; 
cmerca, insect transmission of, 203; 
vulgaris, insect transmission of, 203 
Brachysponum tiifolii n sp., 441 
Brasaica, chinensis, heart rot of, 81; 

pekinonsis, heai*l rot of, 88 
Brazil nuts, black crust, 61 
Brbntzbl, W. E,, see Rbbdt, C. S. 
Bromo grass, powdery mildew, insect 
transmission of, 204 
Brown, Florence Cobrpbr, see Wood- 
worth, C. M. 

Brown, Nellie A., A Pestalozzia pro¬ 
ducing a tumor on the Sapodilla tree, 
383-394; and Harvey, R. B., Hcait rot, 
rib rot, and loaf spot of Chinese cab¬ 
bage, 81-90. 

Brown rot of lemon, 397 
Bullbr, a. n. R., Some comparative 
observations upon the shape of the 
basidia and the mode of spore dis¬ 
charge in the Uredineae and the Hy- 
menomycetes (abst.), 316; The pseudo- 
rhiza of certain saprophytic and 
parasitic Agoricineae (abst.), 316 
Bunt, of wheat, 53 

Butler, 0., On the amount of copper 
required for the control of Phytoph- 
tbora infestans on potatoes, 298-304 
Byars, L. P., A disease of red clover and 
strawberry in the Pacific Northwest 
caused by the nomatodo Tylonchus 
dipsaci (Huhn), Bastian (abst.), 66; 
A nematode disease of rod clover and 
strawberry in the Pacific Northwest, 
91-96; see also MacMillan, H. G. 

Cabbage, black leg, insect transmission 
of, 197; black leg, occurrence and con¬ 
trol of, 64; black rot, insect transmis¬ 
sion of, 195; black rot,'Seed transmis¬ 
sion of, 175; Fusarium-resistant, 64; 
yellows, influence of soil temperature 
on, 63 

Caesar, L., Some data on peaoh yellows 
and little peaoh in Ontario (abst.), 818 
Canada bsdsam, witches broom of, 
(abst.), 315 
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Canker, blister, of apple, 58; caused by 
Cytospora, 442 

Caxuatioix bud rot, insect transmission 
of, 196 

Carb, R. H., see Hoiter, G. N. 

Cash, Lillian G., see Rand, F. V. 
Castanea, resistance of, to blight, 368 
Cedar, Pbomopsis blight, 249 
Celery, Phoma root-rot, 67 
Cephalothecium roseum, 638 
Cercospora, beticola, insect transmission 
of, 203; medicaginis, 66; personata, in¬ 
sect transmission of, 208 
Cereal rusts, 319 

Check list of Department of Agriculture 
publications, 256 

Chemicals, effect on vascular system of 
injected chestnuts, 23; injection into 
vetch seedlings, 30; stimulation of 
cells by, 29 

Chen, C. C., see Norton, J. B. S. 
Cherry, leaf spot, 317; shot hole, 317 
Chestnut, blight cankers, healing of, 370; 
blight, insect transmission of, 201; 
pathologieal.xylem produced by injec¬ 
tion of chemicals, 23; resistance to 
bUght, 368 ' 

Chinese cabbage, heart rot, 81; leaf spot, 
81; rib rot, 81 

Chloral hydrate, soil treatment with, 
334 

Citric acid, effect on Pucoinia graminis 
tritici, 448 

Citrus, Phytophthora terrestria on, 397 
Claviceps purpurea, insect transmission 
of, 208 

Clatton, E. E., The relation of soil tem¬ 
perature to the development of the 
tomato Fusarium wilt (abst.), 63 
Climate, relation of to the development 
and control of leaf roll of potato, 407 
Clinton, G. P., William Gilson Farlow, 
biographical sketch, 1-8 
Clitocybe parasitica, 466 
Clover, bur, leaf-spot, overwintering 
and control of, 66; rod, nematode <iis- 
ease of, 66; white, wilt of, 436 
Ooooanut, bud rot, insect transmission 
of, 214; root disease, 401 


Coccomyces, dentatus, 276; hiemalis, 
317; prunophorae, 317 
, Coix, smut, 331 

Collar rot of apple trees in the Yakima 
Valley, 465 

Colletotrichum falcatum, insect trans¬ 
mission of, 203 

Collins, J. Franklin, Note on resist¬ 
ance of chestnut to blight, 368-371 
Conifers, resinous species of, 372; non- 
resinous species of, 372; infection of 
through mechanical wounding, 371 
Coniothynum caryogonum, 199 
Cook, Mel T., The Altcmaria fruit rot 
and Rhizoctonia stem rot of tomatoes 
(abst.), 59; Blossom blight of the 
peach (abst.), 64 

Goons, G. H., Experiments on the con¬ 
trol of stinking smut of wheat (abst,), 
54 

Copper, amount required for control of 
potato Phytophthora, 298 
Gotiolus versicolor, 66 
Com, new smut in Washington, 328; 
purple leaf sheath spot, 64,487; results 
with inoculated seed, 67; Rhizopus 
infection of, on the gexminator, 535; 
root rot, control of, 66; stalk rot, 
control of, 55; tests with diseased and 
healthy seed, 67 
Coryneum rhododendri, 276 
Cotton, angular leaf spot, insect trans¬ 
mission of, 203; antliracnoBO, insect 
transmission of, 203; internal boll dis¬ 
ease, insect transmission of, 198 
Cottonwood, see Populus 
Cranberries, false blosscnns in, 173 
Cromwell, Richard 0., Recent studios 
on Septoria of wheat (abst,), 61 
Cronartium, coloosporoidcs, 396; ribi- 
cola, distance of spread of aeciospores 
and urediniospores of, 368; ribioola, in¬ 
sect transmission of, 209; ribioola, op 
Ribes cynosbati, 869, onRibes rotundi- 
folium, 361, on R. Americanum, 361; 
ribioola, production of aecia of, 111 
Crop protection institute, 644 
Grown rot of apple, 466 
Crown wart, alfalfa, 66 
Crypi ostictis sp., 277 
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Cucumbcrj bacterial wilt, insect trans¬ 
mission of, 210; mosaic, 317; mosaic, 
insect transmission of, 218 
Cucurbit, bacterial wilt, insect trans¬ 
mission of, 210 

Culture, pure, device for growing, large 
plants in sterile media, 426 
Curly dwarf, potato, 36 
Currant, cane bligbt, insect transmis¬ 
sion of, 198; and white pme blister rust 
contxol, 177 
Cydonia vulgaris, 391 
Cytospora chrysosperma, 442 

Dana, B. F., and Zundel, George L , 
A new com smut in Washington, 328- 
330 

Dasyscypha calycina, Insect transmis¬ 
sion of, 196 

Detwilbr, S. B., Results of white pine 
blister rust control in 1919,177-180 
Dickson, B. T., Sclerotinia wilt of grecn- 
liouse tomatoes, 600-501; Stem-end rot 
of greenhouse tomatoes, 498-600 
Dickson, James G., see Hoebebt, J. R.; 

see Johnson, A, G. 

DidymoUina iridis, 148 
Diorchidium spp., insect transmission 
of, 200 

Disease resistance, inheritance of in 
bean, 319; of barley varieties to 
Rhynchosporium, 54 
Disease transmission by insects, 189 
Dhayton, F. L., Ilealth and disease in 
plants, 314 

Dbeghseee, Chabees, see Jones, Fred 
Reuee 

DtjrbelLj L. W., The purple sheath spot 
of com (abst.), 54j A preliminary study 
of the purple leaf sheath spot of corn, 
487-495 

Eohinodontium tinotorium, 372 
Edgbbton, 0. W., Albert Thomas Bell, 
biographical sketch, 373-374 
Egg plant, resistant in wilt-infeoted 
soil, 69; wilt, 317 

Endothia parasitica, insoct transmission 
of, 201; on chestnut, 368 
Ergot, insect transmission of, 205, 208 
Errata, 343 


Erysiphe graminis, insect tiansmission 
of, 204 

Ebsary, S. n., Samuel McCutchen 
Bam, biographical skelch, 186-188 
Euphorbia flagcllosis, insect transmis¬ 
sion of, 215 

Exoascus unilatcralis, 317 

False blossom in cranberries, 173 
Pabeow, W. G., Biographical sketch of, 1 
FAull, j. n., Needle blight of white pine 
(abst.), 315 

Fawcett, H. S,, Pythiacystis and Phyto- 
phthora, 397-399; see also Livingston, 
B. E. 

Field meeting of Ameiican Phytopatho- 
logical Sociely m 1920, 496 
“Filterable virus” diseases, insect tians¬ 
mission of, 219 

Fir, balsam, butt rots of, in Quebec 
Province (abst.), 314 
Fire blight, of apple in Washington, 465; 

insect transmission of, 192,193, 200 
Flax, canker, a non parasitic disoaso, 66 
Fomes, igniarius, 143; la^icis, 372; pini- 
cola, 314, 372 

Footrot, of citrus, 398; of tomato, 
Macrosporium, 416; of wheat, 52 
Forest trees, Cytospora on, 442 
Formaldohyde-drip control of onion 
smut, 323 

Fkackbr, S. B., Varietal susceptibilily 
to false blossom in cranboirios, 173- 
176 

Fragaria, nematode disoaso of, 91 
Phaser, W. P., A smut of western rye 
grass (abst.), 310 

Frommb, F. D., The devclojiment of 
loose smut of wheat as modified by 
soil fertility (abst.), 63 
Frost injury of potatoes, 423 
Fungi new to Ontario, 317 
Fusarium, avenaccium, on wheat, 51; 
cabbage resistant to, 04; corn rot, 66; 
oubonse, 604; oulmorum on com, 494; 
culmorum on wheat, 61; hyperoxy- 
sporum, 3(6; lycopersioi, 63, 306; pea 
blight, 67; the effect of temperature 
and light on, 52; tomato, influence of 
soil temperature on, 68 
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Fusiclaclium cffusum, insect transmis¬ 
sion of, 205 

Gardneb, Max W., Poronospora m tur¬ 
nip roots, 321-322 

Gibberella saubinotii, on com, 55, 57; 
on wheat, 51 

Gloeosporhim vanillao, 341 
Glomerella, cingulaia, 353; cingulata, 
insect transmission of, 201 
GiiOYER, W. 0., Apple blister canker, 58; 
Effect of straw mulch on potato leaf 
roll (abst.), 60 

Godfrey, G. II, A sced-bomc Sclero- 
tium and its relation to a riee-seed- 
Img disease, 342-343 
Gooseberries and white pine blister rust 
control, 177 

Grape root disease, insect transmission 
of, 207, 214 

Growth, rate of, of blister rust on white 
pine, 516 

Gumming disease of sugar cane in Porto 
Eico, 429 
Gummosis, 397 

Hahn, Glenn G., Phoraopsis junipeio- 
vora, a new species causing blight of 
nursery cedars, 249-253; see also II ^.rt- 
LBT, Carl 

Hartley, Carl, Abnormal growth in¬ 
duced by chloral hydrate soil treat¬ 
ment, 33^36; and Hahn, Glenn O., 
Notes on some diseases of aspen, 
141-147 

Harter, L. L., and Weimer, J. I^., Sweet 
potato stem rot and tomato wilt, 306- 
307 

Harvey, R. B,, see Brown, Nellie A. 
Head smut, com, 828 
Health and disease in plants (abst.)> 314 
Heart-rot, peach, 65 
Heat injury to beans, 365 
Hedgcook, Georoe G., and Hunt, N. 
Rex, Notes on Peridermium harfc- 
nessii, 396-397 

Helminthosporium, avenae-sativae, 317; 

sativum, 817, 494; teres, 817 
Heteroecism, facultative, 279 
Hoterosporium gracilo, 163 


Hopi’er, G. N , and Carr, R. II , Iron 
accumulation and mobility in diseased 
cornstalks (abst.), 56; ami Carr, R. 
II , Experiment b to test cllcets of iron 
salts on corn plants (abst ), 57; see also 
IIOUJUUT, J. E. 

ll-ioii concent lal ion in diseased corn i is¬ 
sues, 56 

lIoLBDRT, J. R., Dickson, Jamijs G. mid 
BitrOAR, II Howard, Coiiclalion of 
early growth, variation and produc¬ 
tivity of maizo as influenced by cor- 
tam pathogenic factors (abst), 57; 
IIolheut, j E. , and Hoppdr, G. N., 
Com root and stalk rots (abst ), 55 
Hopperburn, potato, 61; potato, insect 
transmission of, 220 

IIoFKiNR, E, E., Gvorwintering and con¬ 
trol of bur clover leaf-spot (abat,), 66 
Hotson, j. W., Collar rot of apple trees 
in the Yakima Valley, 406-486 
lIowiTT, J. E., Borne observations made 
in inspooi ing for leaf roll luid mosaic 
(abst.), 316; see also Stone, H. E. 
Httbebt, Ernest E., Observations on 
Cytospora clirysospenna in the north¬ 
west, 412-447 

Hxtni.brpord, Char, W., and Wade, A. 
E., Relation between soil moisture 
and bunt infection in wheat (abst.), 53 
Hunt, N. Rex, see HedciCock, (^borobG. 
llydnum, 372 

llynieuomycetcs, shape of basidia and 
mode of spore discharge in, 315 

Insect relations of Bacillus trachei- 
pliilus, 133 

Insect transmission of disoasos, 180 
Institute, crop proloction, 544 
Instruments, scienlific and patent rights, 
67 

Iris leaf spot, 148 
Iron, in diseased oomstalks, 60 
Iron salts, effects, m com tissues, 67 
Ithyphallus coralloidoa, insect trans¬ 
mission of, 207 

Johann, Helen, see Johnson, A. G. 
Johnson, A. G., Dickson, Jambs G., 
and Johann, Helen, An epidemic of 
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Fusarium blight (scab) of wheat and 
other cereals (abst.), 61; JohnsiON, A. 
G., and Mackiu, W. W., Evidence of 
disease resistance in barley to attacks 
of Rhynchosponum (abst,), 61 
Johnston, John R , Review of Lcs 
Vanillieros do Tahiti ct Moorea by E. 
P. Meinecko, 341-342. 

Jones, Fued Rdttel, Pythium as a 
causal factor in pea blight (abst.), 67; 
and DEBcnsiiEE, Chah., The develop¬ 
ment of TJrophlyctis alfalfoe (abst.), 
66 

JoNEb, L, R., and McKinney, n H , 
The mfluence of soil temperatuie on 
the development of potato scab 
(abst.), 63; Jones, L. R,, Waekbe, J. 
C., and Txseaee, W. B., Fifth prog¬ 
ress report on Fusarium-resistant 
cabbage (abst.), 64 
Juniperus virginiana, blight of, 249 

Kawakami, Koichieo, biographical 
sketch of, 469 

Kbitt, G. W., a preliminary report on 
apple scab and its control in Wiscon¬ 
sin (abst.), 58 

Kotila, J. E., Leaf hoppers and hopper- 
burn of potato leaves (abst.), 61 
Keakovbe, L. J., see Stakman, E. G. 

Larch canker, insect transmission of, 190 
Larlx occidentalis, 389 
**Leaf-curl,” potato, 36 
hoppc", potato, 01 

Leaf roll, po'Ato, 35, 407; potato, in- 
footion of np^hboring plants, 43 
Leaf rust, wlu^at' varieties resistant to, 
161 _ 

Leaf tqpati,'tomato, 60; velvet bean, 78 
Lee, H. Athebtok, biographical sketch 
of Koichiio Kawskami, 469; and See- 
BANO, FEiAdsmo B., Banana wilt in 
the Philippines, 504-606 
Lentoduun tigrinum, 61 
Lenadtes trabeum, 61 
Leptomonas davidi, insect transmission 
of, 216 

Leptosphaeria, ooniothyrium, 208; onl- 
merom, 817 


Lettuce, bacterial rot, insect transmis¬ 
sion of, 195 

Lima bean mildew, insect transmission 
of, 195 

Literature on plant diseases, 69,112,181, 
269,3(19,344,377,403,431, 460,606, 547 
Little peach in Ontario, 318 
Livingston, B. E., and Fawcett, H. S., 

A battery of chambers with different 
automatically maintained tempera¬ 
tures, 336-340 

Lophodermimn rhododendri, 276 
Lyman, G. R., The 1919 survey of potato 
wart (abst.), 60; the summer field 
meeting of the American Phytopatho- 
loglcal Society, 496-498 

McCaelum, a. W., Napieladium trem- 
ulao, a new disease of tho poplar 
(abst.), 318 

McCltntock, j. a., Field tests with 
strains of wilt-resistant tomato seed 
in 1919 (abst.), 59 

MoCubbin, W. a., a hoart-roi of peach 
(abst.), 65 

MacInneb, Jean, The effect of tempera¬ 
ture and light on Fusarium sp. caus¬ 
ing wheat scab (abst.), 52 
Mackie, W. W., Hoad smut in sorghum 
and maize, 307-808; see also Johnson, 
A. G. 

McKinney, H. n., see Jones, L. R. 
MoLabty, H. R., a suspected mosaic 
disease of sweet clover, 601-503 
MacMiliiAN, H. G., a frost injury of pe¬ 
tal oes, 423 -124; and B vaes, L. P. , Heat 
injury to beans in Colorado, 865-367 
MoRostib, G. P., Inheritance of disease 
resistance in the common bean (abst.), 
319 

Macrosporium, solani, 15, 17, 69, 418; 

foot-rot of tomato, 415 
Maize, head smut, 307 
Mai di gomma, 898 
Mangifera indica, 888 
Maple, see Acer 

Marssonia, populi, 143; potentillae, 317 
Mabtin, W^iujam: H., Sulphur eaperi- ^ 
ments for the control of potato scab 
(abst.), 60 
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Matz, J., Gumming disease of sugar eanc 
in Porto Rico, 429-430 
Media, sterile, device for gi owing largo 
plants in, 425 

Mbinbcke, E. P., Facultative lieteroe- 
cism in Peridermium cerebrum and P. 
harknossii, 279-297; report on diseases 
of vanilla in Tahiti and Moorea, 341 
Melompsora, albertcnsis, 143; medusae, 
143 

Melampsorella caryaphyllacearum, 316 
Melampsoropsis piperiana, 274 
Melanconium fungus, msoct transmis¬ 
sion of, 204 

Melchers, L. E., The resistance shown 
by three hard winter wheats, Kanred 
(P762), P1066, and P1068, to plant dis¬ 
eases (abst.), 62; and Parker, J. H., 
Three winter wheat varieties resist¬ 
ant to leaf rust in Kansas, 164-171; 
and Parker, John H., The resistance 
of Kanred (P762), P1066, and P1068, 
three hard winter wheats to leaf rust 

(abst.), 52 

Monilia Candida, insect transmission of, 
214 • 

Mosaic, of cucumber, 218; pokowoed, 
218; potato, 35, 220; spinach, 219; 
sweet clover, 601; sweet pea, 218; to¬ 
bacco, 218; tomato, 218; analogy to 
phloem-nocrosis, 36; tobacco, relation 
of to mosaic on potato, 42; transmis¬ 
sion through embryo, 45 
Mxjbpht, Paux a., New or little-known 
diseases of potatoes which cause 
“runningout” of seed (abst*), 316-317; 
and WoRTiiSY, E. J., Relation of cli¬ 
mate to the development and control 
of leaf roll of potatoes, 407'-41<l 

Nail-head spot of tomato fruit, 9, 69 
Napicladium tremulae, 318 
Nasturtium, bacterial leaf spot, insect 
transmission of, 203 

Nbax, D. 0., Phony poaches: a disease 
occurring in middle Georgia, 106~110 
Nectria, ditisslma, insect transmission 
of, 197; ipomoeae, 317 
Nematode, oause of red ring of oooonnt 
palms, 401; disease of red clover and 
strawberry, 66, 91 


Norton, J. B. S., and Giihn, G. G., Some 
methods for investigating internal seed 
infection, 399-400 

Nowjill, WiEWAM, The red ring oi 
“rool” disease of coeonut palms (re¬ 
view), 101 

Numnmlaria discreia, 68 

Oat, blade blight, insect trunainishion of, 
195; llclminthoaporium, 317 
Oloa europaca, 388 

Oleander, bactcriosis, inseet trausniis- 
sion of, 213 

Olivo-knot, inseet transmission of, 212 
Onion, blight, insect transmission of, 
204; smut control, 828 
Orton, G. R., The crop protection in¬ 
stitute, 644-546 

Orton, W. A., Streak disease of potato, 
97-100 

Pacific Division, American Phytopatho- 
logical Society, report of meeting, 861- 
352 

Parker, John XI., see Meixuiers, L. E. 
X^ARKS, T. II., sec Stover, W. G. 
Patent rights and soientfto instruments, 
67 

Poa blight, Pythium, 67 
Poach, blossom blight, 64; brown rot, 
insect transmission of, 196; hoort-rot, 
65; phony disease, 106; yellows in On¬ 
tario, 818 

Poanut, loaf spot, insoot transmission of, 
208; rust, 66 

Pear blight, insect transmission of, 102 
Pecan, kernel spot, insect transmission 
of, 109; scale, insect^transmission of, 
205 

Penioillium glauoum, 494 
Poony, Botrytis blight, insect transmis¬ 
sion of, 208 

Poppers, resistant in wilt infested soil, 
69 

Peridormium, cerebrum, 279; olatinura, 
8X6; harkneseii, 279, 396 
Peronospora, pturasiLioa in turnip roots, 
821; sohleideniane, inseot transmission 
of, 204 

Personals, 111, 256,308,3^, 402,46^, 
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Pestalozzia, cydoniao, 391; funcrca, 391; 
ftongrogina, 390; guopmi, 277, 391; 
hartigii, 390; bapolae, 391; scirrofa- 
oions, 392; iuinefacions, 390 

Phallus impudicus, insoct Iransmission 
of, 207 

Philippinos, banana wilt in, 504; plant 
pathology in, 603 

Phloem-nocrosis, potato, 35; relation to 
mosaic of Solonacoae and effect on po¬ 
tato culture, 35; spread by aphids and 
other insects, 48 

Phloom-necrosis-frec potatoes, raising, 
48 

Pholiota adiposa, 372 

Phoma, apiicola, 67; olcracea, insect 
transmission of, 197; root-rot of celery, 
67 

Phomopsis, juniperovora, 249; thujae, 
252 

Phony peaches, 106 

Phyllosticta, antirrhini, blight of snap¬ 
dragon, 232; solitaria, 353 

Phytopathological notes, 60, 111, 254- 
268, '*06-308, 342-343,376-376,402,469, 
496-506, 644-^ 

Phyt •'phthora, cryptogea, 529; infostans, 
insect transmission of, 202; infostans 
on potatoes, copper required for con¬ 
trol of, 298; infestans on tomato seed¬ 
lings, 317; infestans, susceptibility to 
by potatoes attacked by mosaic and 
phloem-necrosis, 46; phaseoli, insect 
transmission of, 196; sp., the cause of 
tomato stem-girdle, 6^; terrostria on 
citrus, 397; terrostria on tomatoes, 
101, 172, 629; terrostria, effect of tem¬ 
perature on, 340 

Pioea, pungens, 389; excelsa, 300 

PiBECE, W. Dwight, see Rand, Peed- 
EEICK V, 

Pine, white, blister rust on in 1918, 613; 
needle blight of (abst.), 315 

Pineapple fruit rot, insect transmission 
of, 197, 201 

Finns, attenuata,395; oaribaea,396;cQn- 
torta, 396; halepensis, 396; jeffreyi, 
397; mayrianaa 396; palustris, 396; 
pinea, 896; ponderosa, 395; ponderosa, 
abnormal growth of, induced by 


chloral hydrate soil treatment, 334; 
pondcro&a scopulorum, 390; sabiniana, 
395; sirobus, 390; taeda, 396; viigini- 
ana, 306 

Plant diseases, in Ontario, 317; literature 
on, 69,112,181, 269, 309, 344, 377, 403, 
431, 460, 506, 547 

Plant pathology, changes of a decade in, 
66; in the Philippines, 503 
Plants in sterile media, device for grow¬ 
ing, 426 
Pleurotus, 466 

Plum, brown rot, insect transmission of, 
196; leaf spot, 317; shot hole, 317 
Pokeweed, mosaic, insect transmission 
of, 218 

Polygonum, fonnation of wound tissue 
by mechanical injury, 30 
Polyporus schweinitzii, 314, 395 
Polystictus versicolor, 466, 469 
Poplar, new disease of, 318; sec also 
Populus 

Populus balsamifera, Cytospora on, 442; 
deltoides, Cytospora on, 442; tremu- 
loides, Cytospora on, 442; triohoearpa, 
Cytospora on, 442 
Poria xantha, 01 

Potato, “crinkle,” 316; culture, effect 
of on mosaic and phloem-necrosis, 35; 
curly dwarf, 36; frost injury, 423; hop- 
perbum, 61; late blight, control of, 
298; lato blight, insect transmission 
of, 202; loaf curl, 35; “leaf drop,” 317; 
loaf roll, 36,00, 310; leaf roll, infection 
of neighboring plants, 43; loaf roll, re¬ 
lation of olimaie to development and 
control of, 407; mosaic, 36,316; mosaic, 
infection of neighboring plants, 43; 
mosaic, insect transmission of, 48,220; 
mosaic, relation of to mosaic of to¬ 
bacco, 42; rust, 06; scab, control of, 60; 
scab, influonco of soil temperature on, 
63; scab, sulphur experiments on, 60; 
seed, advice for selecting, 49; streak, 
97; tipbum, 61; varieties, senility of, 
46; wart, survey of, 60; wilt, 317 
Prunus, domissa, Cytospora on, 443; 
virginiana, 317 

Pseudomonas juglandis, insect transmis¬ 
sion of, 200 
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Pseudorhiza of Agaricineac, 316 
Puccinia, anliirhini, 317; grarainis on 
native Bcibcris oanadcnsib, 305; gram- 
inis tritici, 62, 448; graminis tntici 
compacti, 52; iiiticina Eriks, on 
wheat, 164 

Pythiacystis cilrophthora, 397 
Pythium debaryanum pea blight, 67 

Quanjee, H. M., Mosaic disease of the 
Solanaceao, its relation to the phloem- 
necrosis, and i{s effect upon potato cul¬ 
ture, 35-47 

Rand, F. V., and Cash, Lillian C., 
Some insect relations of Bacillus 
tracheiphilus Erw. Sm., 183-140; 
Rand, F. V., and Pibecb, W. D., A 
coordmation of our knowledge of in¬ 
sect transmission in plant and animal 
diseases, 189-231 

RA.NKIN, W. H., Butt rots of balsam fir in 
Quebec Province (abst.), 314-315 
Raspberry, fruit rot and wUt, insect 
transmission of, 209 
Red clover, nematode disease of, 91 
Red ring of coconut palms (review), 401 
Reddick, Donald, Scientific instru¬ 
ments and patent rights (abst.), 67; A 
fourth Phytophthora disease of to¬ 
mato, 628-^534 

Rbddt, C. S., and Bebntzel, W. E., 
^lax canker, a non-parositic disease 
(abst,), 60 

Report on St. Louis meeting of American 
Phytopathological Society, 265-271 
Resistant varieties, cabbage to Fusnr- 
ium, 64; soy bean to bacterial blight, 
68 

Rhizoctonia, stem rot of tomatoes, 59; 
solani on peas, 67 

Rhizopus nigricans, infection of com on 
the germinator, 494, 535 
Rhoads, Aethub S., Studies on the 
rate of growth and behavior of the blis¬ 
ter rust on white pines in 1918,613-627 
Rhododendron, diseases, 273; shoe string 
rot of, 375 

Rhynchosporium secalis on barley and 
rye, 64 


Ribes, and white pine blister riusl con¬ 
trol, 177; amcricanum, 361; cynosbati, 
359, 360, 361; rotund if olium, 361 
Rice, hccdling blight, 342 
Robletfi, John W., The apple blotch 
and bittcr-iot cankers, 353-3,57 
“Root” disease of coconut palms (ic- 
viow), 401 

Root-rot of corn, 65 
Rosenbaitm, Joseph, Studies with Mac- 
rosporium from tomatoes, 9 21, A 
stem disease of tomato caused by 
Macrosporium solani E. and M 
(ab&t ), 59; Infection experiments on 
tomatoes wit h Phytophthoi a ici restria 
Shorb. and a hot water treatment of the 
fruit, 101-106; A Macrosporium fool- 
rot of tomato, 416-422 
Russell, A. M., see Adams, J. F. 

Rust, blister, on white pines, 513; insect 
transmission of, 200; poonut, 66; po¬ 
tato, 66; tomato, 65; wheat, 62 
RtTMBOLD, Cabolinm, Causosfor Iho pio- 
duction of pathological xylem in tlio 
injected trunks of chestnut trees, 
23-33 

Rye, Rhynchosporium sccalis on, 51 
Rye grass, orgol, insect transmission of, 
208; western smut of, 310 

I 

Saccharomyccs glutinis, 538 
Salix, lasiandra, Cytosporn on, 443; 
viminalis, 390 

SambucuH, glaiiea, Oytospora on, 443 
Sapodilla, 3^ 

Scab, potato, influence of soil teinpera- 
ture on, 63; wheal, 61; wheat, effect of 
temperature and light on, 62 
Sohilhorszky, formation of wound tis¬ 
sues, 27 

Schmitz, IIknmt, Observations on somo 
common and important diseases of the 
Rhododendron, 273-278; Shoe-string 
rot of Rhododendron and Azalea 
caused by Armillaria mellea, 375 
Sclerotinia, cinerea, 64; fruotigena, in¬ 
sect transmission of, 196; libertiana on 
tomatoes, 500 

Sclerotium, on rice, 342; bifrons on 
aspen, 141 
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Seed, internal infection of, 399, selection, 
for control of potato mosaic, 46, for 
control of potato leaf roll, 407; treat¬ 
ment, for control cf black log of cab¬ 
bage, 64, for control of bur clover leaf- 
spot, 66 

Seed transmission, of cabbage black rot, 
175; of Sclerotiiun <in rice, 342 
Seed potatoes, raising free from phloem- 
necrosis and mosaic, 48 
Septoria, on tomato, control of, 60; 
lycopersici, 69; lycopeisici, insect 
transmission of, 210; of wheat, vi¬ 
tality of spores, 61 

Sbkhano, FEuasiMO B., see Lee, H. 
Athbeton 

Sheath spot of com, 487 
Shoe-string rot of Rhododendron qmd 
Azalea caused by Armillaria mellea, 
376 

SmiIiBT, Edwina M,, The Phyllosticta 
blight of snapdragon, 232-248 
Smith, E. P., Chemic^ stimulation of 
cells, 29 * 

Smith,. Floeence P., see Atwood, 
Aucb C. 

Smut, coix, 331; insect transmission of, 
200; loose, of wheat, 83; stinking, of 
wheat, 63 

Snapdragon, Phyllosticta blight, 232; 
rust, 317 

Snell, Walter H., Observations on the 
distance of spread of aeciospores and 
urediniospores of Oronartium ribicola, 
358-364 

Soil temperature, influence of, on cab¬ 
bage yellows, 63, on Tuaarium wilt of 
tomato, 68, on potato scab, 63 
Soil treatment, chloral hydrate, 334 
Solanaceae, mosaic, 36 
Sorbus, 80 op;uliaa, Cytospora on, 443 
Sorghum head smut, 307 
Soxwjporium reiliaaum, 307 
Sortithem division meeting of American 
Phytopathologieal Society, 381 
Soy bean, bacterial blight, 68,119 
Sphaoelotheca reiliana, 328 
Sphaerella rhododendri, 277 
Sphaeronema flmbriata, insect transmis¬ 
sion of, 202 


Sphacropsis, sp., 466; malorum, 453 
Spencer, E. R , Black crust of Brazil 
nuts (abst.), 61 

Spinach blight, insect transmission of, 
219 

Spore discharge, mode of in Uredineae 
and Hymenoinycctos, 315 
Sporocybe azalea, 274 
Sporotrichum anthophilum, insect trans¬ 
mission of, 196 

Spraying experiments with apples, 58 
Spruce, black, witches* broom, 317 
Staeman, E. C., Recent progress in the 
investigation of cereal rusts, 319; and 
Kraeover, L. J , Puccinia grominis on 
native Berberis canadensis, 305-306 
Staticc rust, 317 

Stem-end rot of greenhouse tomatoes, 
498 

Stem-girdle of tomato, 528 
Stem rust of wheat, 448 
Stevens, F. L., Foot-rot of wheat and 
its fungous associates (abst.), 52; 
Changes of a decade in plant pathology 
(Abst.), 66 

Stilungbr, 0. R., Apple black rot 
(Sphaeropsia malorum Berk.) in Ore¬ 
gon, 453-468 

Stink-hom fungus, insect transmission 
of, 207 

Stone, R. E., Witches’ broom of Canada 
balsam and the alternate hosts of the 
causal organism (abst.), 316; and 
Howitt, J. E., Plant diseases and 
fungi comparatively new or rare in 
Ontario (abst.), 317-318 
Stover, W. G., Some results of corn 
root-rot work in Ohio (abst.), 65; and 
BEAcn, P. H. and Pares, T. H., Re¬ 
sults of spraying the apple for blotch 
in Ohio in 1919 (abst.), 58 
Strawberry, leaf blotch, 317; nematode 
disease, 66, 91 
Streak disease of potato, 97 
Sugar beet, bacterial leaf spot, insect 
troDsmission of, 203; curly top, insect 
transmission of, 216 
Sugar cane, gumming disease, 429; pine¬ 
apple disease, insect transmiceion of, 
201; red rot, insect transmission of, 
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203; rind disease, insect transmission 
of, 204; root rot, insect transmission 
of, 207 

Susceptible varieties, soy bean, to bac¬ 
terial blight, 68 

Sweet clover, a suspected mosaic disease 
of, 501 

Sweet pea, anthracnose, insect transmis¬ 
sion of, 198; mosaic, insect transmis¬ 
sion of, 218 

Sweet potato, black rot, insect trans¬ 
mission of, 202; ring rot, insect tians- 
mission of, 203; stem lot and tomato 
wilt, 306 

Teliosporea of Puccinia gram inis, ger¬ 
mination of, 448 

Temperature, soil, relation of, to cab¬ 
bage yellows, 63, to Fusarium wilt of 
tomato, 63, to potato scab, 63 
Tempeiature chambers, 336 
Templh, C. E., Spacing tomato plants 
for field spraying (abst.), 69; To¬ 
mato splaying experiments for the 
control of Septoria (abst.), 60 
Thelephora galactina, 466 
Thiel, A. F , and Weiss, Freeman, The 
effect of citric acid on the germination 
of the teliospores of Puccinia graminis 
tritici, 448^2 

Thielaviopsis paradoxa, insect transmis¬ 
sion of, 197 

Thomas, C. C., Coix smut, 331-333 
Thuja, occidentalis, Phomopsis on, 253; 

oriental is, Phomopsis on, 253 
Tilletia, laevis, 63; tritici, 53 
Timber decay in pulp and paper mill 
roofs (abst.), 314 
Tip burn, potato, 61 
Tisdale, W. B., The relation of soil tem- 
poiaturo and soil moisture to tho 
occurrence of cabbage yellows (abst.), 
63; Iris leaf spot caused by Didymel- 
lina izidis, 148-163; see also Jones, L. 
R.; see also Walker, J. C. 

Tobacco, mosaic, insect transmission of, 
218, relation of to mosaic of potato, 42 
Tomato, buckeye rot, 172; early blight, 
9; early blight, insect transmission of, 
209; foot rot, 19; fruit rot, 19, 69; 


Fusarium wilt, influence of soil tem¬ 
perature on, 63; bot water treatment 
of fruit, K^; injfection experiments 
with Phytophthc'ira teiTeS.tiia, 102; 
leaf spot, controH of, 60; Macrospor- 
ium, on immatuie shipped fruit, 13; 
Macrospoiium fciot-rot, 415; mosaic, 
msect tiansmissiibn of, 218; nail head 
spot, 9; Phytophi hora bliglit of seed- 
Imgs, 317; Phytophthoia disease, 628; 
rust, 66; Sclciotiriia will, 500; Septoiia, 
rontiol of, 60; Sicptona, in&cct trans- 
• mission of, 210 ■ spacing plants for 
spi ay mg, 59; st onn disease, 69; stem end 
rot, 498; stem-gii die, 528; stem lot, 69, 
317; sunburn, ^9; wilt and sweet 
potato stem roL, 306; tests of wilt- 
r^sistont, 50 ( 

Tramotes pini, 3721, 396 
Transmission of diisease by insects, 189 
Trees, forest, Cytkoapora on, 442; shade, 
Cytospora on, 442 

Trifolium, pratcniso L., nematode dis¬ 
ease of, 91; ropqms, wilt of, 435, 441 
Tropical phytopa thology, 604 
Tsuga canadensis, 380 
Tumor, 383 

Turnip, Peronosyora in roots of, 321 
Tylonchua dipsa<^'i (Kuhn) Bastion, 66; 
on red clover aiud strawberry, 91-^ 

I 

Urodinoae* shape* of basidia and mode of 
spore discliargie in, 815 
Urodiniosporos (,>f Oronartium ribicola, 
spread of, 368 
Xirocystis copula’©, 323 
XJromyoes Iimonfii,.3l7 
Urophlyctis alfa'Ifae, 66 
Ustilago, coicis, *331; tritici, 63; zeao, 307 

Vanilla, disease’s in Tahiti and Moorca, 
341 

Vascular systoim of plants, effect of 
chemicals on, 29 

Velvet bean, ba'ctorial leaf spot, 73 
Venturia inaoqi lalis, 68 
Vetch, formation of wound tissue in, by 
injection of c hemioals, 30, by mechani- 
ii'l u 'Zt 

V tti'‘d» a I .it! u 'I im, 317 
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Esperimc-tUs ipo// foni( ^ '. hyde-drip 
control of ouion i2?.inn', r 1-327; and 
Tisdale, . 15, Olbscrv.-}' v'-aa on seed 
transmissioiii of'tho caM .% black rot 
organism, 175-177; see d.'o Jones, 
L. R. 

Walnut blighi, meotjc tt’Hi ’cossion of, 
200 

Washington m.'oiingi r >5’; \dvisory 
Board of Amovioioi ;F1 ut 1 ideologists,'- 
. 267-258 

, Weimeb, j. T., The dlskibi'tio i of buck¬ 
eye rot of tonuito-efl, .152; .eo also 
Harter, Ij, i, 

Weir, James Note; on tho p.itholdgi- 
eal effects of iJaziii^g freoS, 3Vl'-373 
Weiss, A/T* - 

W’'heat, bunt bifec^ion^ and, ^oil moisture, 
'63; foot-rot, 5i, Ka]urc*d,' resistant to 
r ^ leaf rust, stejm iiis'-jV,':stinking, smut, 

' ' rand stripe. ’ it'4. 5i| loose amut,'63; 
scab, effect '■'f lemojorat-ore 'o,nd' 

' on, 62; Septcriw^vM, f|'tihkuig-sniut, 63; 
rust, insect xiansmivsion of, 1200;'"va¬ 
rieties'resisti.nt to hlsC met, 16-1 
‘ White clover, Vfit, 4 m| 

White le^ of Ii'.hbd;-’il'fr'di'ou„‘176 
White pine, blh-ter. j (iiti. conti-ol is 1919, 
177; bHster rust, ursLct tni:i3’“.is3ion 
,of, 209; rieedlo hiijfhu, CahLt . 


Willow, see Salix 

Wilson, J. K., Device for growing large 
plants in sterile media, 425-429 
Wilt, of banana, 504; bacterial, of sf*- 
lanaceous plants,, insect transmission 
of, 195; Sclerotinia, of greenhouse 
tomatoes, 500; of white clover, 436 
Witches broom, of Canada balsam, 
(absl.), 315; on Rhododendron, 275 
WoLP, F. A., Bacterial blight of soy¬ 
bean, 119-132; A bacterial leaf spot of 
velvet bean, 73-80 
Wood-destroying fungi, 61 
Woodworth, G. M., and Brown, Flor¬ 
ence Cobrper, Studies on varietal 
resistance and susceptibility to bac¬ 
terial blight of soy bean (abst.), 68 
WoRTLEY, E. J., see Murphy, Paul A. 
Wound tissues, produced by injection of 
chemicals, 23; produced by mechanical 
injury, 26, 27 

Xylaria polymorpha, 466 
Xylem, pathological, produced m che^tr 
inlt by injection, 23; in wounded vetch 
seedlings, 28 

YeUoiTO, cabbage, influence of soil lem- 
, *'perature on, 63 
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Ztjndbl, Georub L., see Dana, B. F. 













